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REGomnEirDATioirs. 

From the Cincinnati Evening Nonpareil. 
** We have received a copy of ' Rainey's Improved Abacus,' a treatise on Arithmetical 
calculations, and take pleasure in recommending it as a work deserving the patronage of 
business men desiring a knowledge of a plain, concise, and practical system.. It simpli* 
fies- and shortens calculations by canceling or expunging the numbers, and is of incalcula' 
ble' benefit to those whose business require! of them a simplified method of ealcul^on." 



From the Cincinnati Daily Evening Times. 
<* Messrs. £.' D. Truman & Co. have just issued a Treatise on Arithmetic by the can* 
celing method. The work is by Prof. Rainey, and is well prepared for popular instmction. 
AU questions in numbers are of either Multiplication or Division, and this is the base of 
the system. We can tnily sa^, the canceling method is a superior one for all ordinary 
calculations, and we trust it will be generally cultivated. Mr. Rainev has given to the 
public his analysis in cheap form, and they are under great obligations therefor." 



From tht Cincinnati Great West. 

"The Improved Abacus: an explanatory treatise on the Theory and Practice of 
Arithmetic and Mensuration, in which the geneml" principles involved in practical calcu- 
lations are thoroughly elucidated and illustrated by numerous analytic and abbreviated 
examples. By Thomas Rainey. Energy is the price of success.*' 

" This is the title of a neat volume from the press of Messrs. Truman & Co. The design 
of the work is to give to practical men and advanced students, a thorough theoretical and 
praetieal knot^ledge of all such calculations as are necessary in commercial and mechani- 
cal transactuma; and this, too, on cornmon sense principles ; * for,' says the author, * rules 
tpithout reasons are ridiculous, and insulting to the iwtuiring mind.* That a work ot 
thiS' character has long been needed, no practical man can deny ; and every advanced 
student in the science will hail its appearance with delight. 

" Knowing practically, the many deficiencies of the old systems used, we eannot too 
highly recommend this excellent treatise." 

From Prof. Wm. McGookin, Stdney^ O. 
" I have examined a small work published by Prof. T. Rainey, on Interest, Profit and 
Loss, Proportions, Discounts, Insurance, Stocks^ CommissioA, Mensuration, etc., and am 
much pleased with it. It is just such a work as the learner needs ; it supersedes the ne- 
cessity of a teacher. The rules are concise and practical. 

- Wm. MgGookik." 



From Prof. Pratt, Universky o^ Missouri. 
" Having attended your course of lectures, in Arithmetic, etc., you will allow me to ex- 
press to yon my entire conviction that your system is peculiarly adapted to the simplifica- 
tion of Arithmetical calculations generally, and to the abbreviation of most intricate 
compntatioias. Very respectfully, &c., Geo. C. Pkatt." 



" I fiilly concur with Prof. Pratt. 



Wm. T. Dayi8» 
Columbia High School." 



From H. F. West, of Indianapolis. 
• * * • • « The nnquestionable accuracy, as well as the fkcility of Prof. 
Rainey's process of solving problems, commends itself to the plain common sense of 

every observer, as it is so happily adapted to the practical purposes of life The 

ready manner by which the results of intricate questions were obtained, correctly too, 
showed that Prof. Rainey had happily adapted the principles of his improvements to all 
those perplexing rules that fill up our school Arithmetics. • • • Every 

business man, and every young man that inten"ds beinf one, should not be unacquainted 
with this important attainment in the science of numbers." 

From Prof. McWilliams, Springfield, O., late Presiding Officer of Ohio 

School invention. 
* • • * " He lectures at present to our school at large, and from this test, I find 
him to be what he professes. • • • Do not fail, if practicable at all, to try hit 
system ; and the farther the better." 



Prom the CirufinfuUi GaxtHe. 
..,.** Tte author commences by shwwine that if a quantity it to be multiplied and divi- 
ded by the same number, it will remain uncnanged ia value j and eon»eqnentl^ neither op- 
eration need be p^riwroed : Or^ if a quantity is to be multiplied by a given number 
and divided by another number half as great, we may in the first instance, multiply by Salf 
the number, and neglect the division altogether, and the result will be the same that it would 
hare been, had we performed both operations, and gone through with twice the amount 
of labor. The author does not confine himself to the. simple examples we have given, 
but shows that this great principle — that opposing forces of equal strength will de«iniy 
each other-«-runs throagh the whole system, and that it may be used to immense advan- 
tage under all of its mies ; in fact, it is the main pillar upon wirich the author has reared 

hiaheaatifiil system What next strikes the reader of this instructive work, is, 

that the author permrts no opportunity of imparting instruction to pass by him unimproved, 
l^e terras of art which he U9es are all clearly and beautifully explained ; and the mechan- 
ical and tedious methods of instruction adopted by many of the old writers, are ex- 
posed.'* -- — 

From the Tennessee [Nashville] Organ-^Rev. John P* Cakpsell, Editor. 

OrS'A NEW AND USEFUL BOOK FOR EVERYBODY. «C0 

KAINEY^ IMPROVED ABACUS : An Explakatobt Tkxatub on thk T^bokt 

AMD PkjLOTIOE or AEITHMnTIO AMD MbNSURATION. 

The work above noticed, was written with direct reference to the wants of aU clnstef 
of business men. The system is new, very short, and beautifuL 

JElxperience teaches the business man that the old system requires too many figures : that 
the rules are too tedious and arbitrary : that in too many instances resn)ts.|ire found by the 
arbitrary and incomprehensible arrangements of the books ; and that if he is unable to re- 
tain or applv such rules, he must fell hack on bommon sense, and construct bis own rules. 
Now, all rules, without reasons, we consider, ridiculous and insulting to the intelligent and 
inquiring mind : but with reasons presented first, and afterward calculations to Ulustrate 
their applfcation and use, it becomes an easy matter for any person of common mind to 
make his own rules. Hence, every rule in Arithmetic and Mensuration is fully, clearly, 
and satisfactorily explained ; while a great number of examples, such as occur in every- 
day business, are wrought out ; thus enabling tlte practical man to find in the book the 
method of making calculations simHar to any that he may find necessary. 

The practical calculator will find in this work a system of calculations extraordtnarilr 
short, simple, and satisfactory; ami explained in PLAIN, FAMILIAR LANGUAGIi, 
free from dillicnlt terms, which too often obscure the sense, without satisfying the 
judgment. 

No department of calculations is omitted in this work, which would be of interest to 
business men and students, of any trade or profession. 

MERCHANTS and COMMERCIAL men will find everything relating to their voca- 
tions, and a great variety of new and interesting matter, not before introduced into any 
work of this Kind. We invite particular atteation to Uie system of Interestt Discount, 
Profits and Losses, the several varieties of Commission, Insurance, etc. ; the combina- 
tion of several different statements in one statement ; and to Uie Tables for Baaking» 
" Equation, etc. 

MECHANICS are invited to examine the great variety of work- pertaining to Ma- 
chinbet ; the Mechanical Powers ; the Tables of Areas, etc. ; Weiohts of 
Mktals, etc. ; Circles, Cylinders, Globes, Balls, etc. ; Contents and Weights of Solid 
Bodies, and all of the Superficial and Solid Measurements necessary in any department 
of mechanics. 

The attention of SCIENTIFIC men, is directed to the newRnd beantiflil sritem of 
Proportions, Cause and Effect ; the Philosophy of the general Method of matamenC 
throughout the whole work : Combination of Statbwents ; Cokplex Fractioms ; the 
general and easy method of disposing of Fractions, etc., etc. 

It has been the constant aim of the author to comUne Utilitt, BREVTrT, and Sikfu- 
CITY ; to use such laiiguage in all explanations, as could be easily understood ; and to 
present to the public a real impfovement. 

All such persons as wish to learn a short, certain, and easy method of making general 
business calculationir; without the assistance of a' Teacher, wiU find in this work every- 
thing that is calculated to assist them in this desirable undortaking. Ajsistauce to the 
Private 8ti7dent is a peculiar feature of this treatise. 

Several hundred Coin Plates are added, of whose utility it is nnneeess^iry to tay 
anything to those concerned. 

«Tt is, without douHy a very weful book" Cincinnati J)aUy CotmnerdaL* 




RECOMMENDATIONS. 

From Ihe Wiyne Gncnty Wki^, 
** W« Sfsfai eall the attention of our read«n to the ^^utment of Rrof. BLainey» to 
Wetara atthe MethodUt Cboiah, on this Wedneiday eveauf. We had the pleaaareof 
atleadiaf the leetwei detiTered in our place by this gentleman lait week. Under ordiaafy 
elroamstaneet, the taiigect of Mathematics is exceedinjply dry and oninterestinc. To th« 
lectaies of Mr. Kainey, we listened with most intense interest, as ^id all who heard him. 
Bb gives to the snligeot a novelty and interest we have never befiwe witnessed. His new 
mode of eakolatjon is tihe shortest, most rapid, and simple of any mode now innse. Wo 
oi^evtain the very hij^bost omnion of the practical vtilttv of his plan, and commend it to 
the frvorable notice of stndents and business men. Tiie fcUowing commnnioation was 
■oat as §at poblicatioa. We indorse readily and ifallv the commeniutions it contains. It 
ooBMs Com men well Jnikowti at wmrtfay of every conficMBce, and well qualified to Judge of 
whaA they speak. 

** Me. BnrroE :-*Prof. Rainey, who has been lecturing la our place sMna days, on his 




taka 

that! - . . . 

proved hti system of calcnlatioBS to m the shortest and the most simple, as well as the 
■Met ez|»editioos that we have ever seen. His (^wrations at the blaokboMd convince 
•v«ry tmnking man of brevitv and precision, certainty, simplicity, and final satisfhetion ; 
vriiib they excite equal wonder and i^easnre fi>r their philosofrfiical beauty and grandeur. 
He throura BWay, instead of using figures, and works aU firaotiottal qnestiwu with ease and 
timpiiei^. 

** Kotmag that we have ever seen can equal his calculations in Sim|[ile Interest. Instead 
of a dosea liflfereat rules fm different rates per cent., he has one simple rule, short and 
easily naderstood, Ibr wwktng questions of any conceivable principal, time, and rate per 
oeat. This every practical man knows to be a great convenience. Prof. Rainey has 
with him a large wwk in which his system is thoroughly developed ; treating of every va- 
riety of calculation that can possibly occur amons business men, either in Commercial and 
Meehaaioal Aritlunetic. or in Mensuration. This is an excellent work, and the first we 
have seen that thoroughly explained these operations. Ha gives his reasons ibr a thing first; 
thM deduces the rule. Bence, his rules appeal to common sense. Bis work in these rales, 
at well as others, cannot fiiii to excite admiration and attention wherever intelligent men 
win take time to investigate. As he has but a short time to stay in your place, we think 
it well to call the attention of your citizens to the subject, that they may secure the op- 
portaai^, and not regret when too late. Let ail your people hear him, and not §uX to se- 
eire his books. 



[Signed ] Jamks M. Fob, 

" ».B8 FiBKB 

JAM AVITkn. , , 

Dr. Johm P&ichbt,) n-«*«»iiu t. » 
Rav. E. McChord,! CeatievUle, la." 



Charles Fibkb, > Teachers, Richmond, la. 
William Avitin, ) 



• • • • « RKgOLVBV, 11. That Prof. Rainey's book is just such a work as 
the learner needs ; becaase every principle end operation is so th<Nron|^y explained and 
illastrated, that 1^ its iavestigation, the ordinary reader will be enabled to comprehend 
aad practice the system. 

** RsfOLTSO, 1^. That his system of Interest, as taught in his work, is of itself, worth 
■Mre than his chtu^ for both instruction uid his books, and being short and easily under- 
stood, is pie-eminently adapted to the counting-house. 

(Signed by] P. Y. Wilson, Fmley Bigger, John W. Barber, Dr. W. Frame, J. A. 
Ken&U, Dr. A. Konris, aad others of Rushville, la \ by John C* Osbom, Thomas Kirby, 
6. B. BoUaad, Dr. Andrews, Esquire Swarr, George B. Norris, and others, of Muncie, la ; 
aad by Wm. F. Kelso, James MoMeans, and twenty others, of Keweastle, la.** 

fVom tfte dtumwAi Enetdn^ Di^mtch; 

also, 
From the Cmdnnaii DaQy Enquirer, 
** Raimst*! Ikpbotsd Abacus. . . . It ourporU to be • An explaaatofy Treatise 
OB the Theory and Practice of Arithmetic and Mensuration ;' and from a hasty exaraiaa- 
tioB it appears to be of gnat praetieal uu in making calculations in a great variety of 
basiDMsxeiations. It is raeommended in high terms Inr teachers and others competont to 
Jadge, who have ozamiBod it.** 
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NOTE TO TEACHERS. 

The Teacher wUl obierve that this work is devoted ezolasively to the de« 
▼elepment and illnttration of the prineipUs of nnmbers, with the introdno- 
tion of such a number, and variety of examples, only, as snbsenre this pnN 
pose. It is deemed the privilege of the teacher, to present such ezamplet 
for practice and test, as may best accord with his judgment, and 1b the 
highest degree develop the capacities of the learner. 

This anangement presupposes the plan of instructing classes at th« 
hlae]^oard, by familiar illustrations, and the occasional test of each pupils 
progress, in the presence of the whole class. A blackboard is ineUspmuam 
bl« to eoery good school. 

In Mensuration, every figure explained in the text should be carefully 
drawn on the blackboard; that the twofold purpose of Wmatration an4 
dramng might be subserved at the same time. 

It has been deemed useless to treat of the Elements of Arithmetic, at 
this department of numbers is generally studied in a separate book; and 
as a considerable number of good elementary works now claim the patron* 
age of the public. 



Entered according to Act of Congress, in the year 1849, 

By THOMAS RAINEY, 

In the Clerk's Office of the District Court, for the District of Ohio. 
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PREFACE. 



It would be both absard and arrogant for an aatbor, at this 
day, to present a new text-book on Arithmetic, according to 
this old and long cherished standards. A large number ot ac- 
complished mathematicians and experienced teachers, as w^ 
in our own country as in Europe, have plied their talents and 
energies to this subject with peculiar ability and suoceas; pre- 
senting works, perfect in their order and arrangements,' and 
^ sufficiently intelligible and satisfactory, so far as the old sys- 
<^ terns are concerned, for all practical purposes. 
>^ Although Arithmetic has, until recently, been neglected by 

^ scientific men, yet the onward progress of latter-day improY^- 
' menis has necessitated a corresponding advance in this scl- 
I ence; until a place is now conceded it among the rational and 
"^ explicable sciences, instead of among the mere handicraft arts, 
Q as hitherto. This advance in the principles of the science, 
has involved new issues. It is found that the ordinary system 
of statements is too mtfcJ^mcoZ, areumtiaTiiUal, and uncertain; 
that the method of statement, within itself, precludes that fH' 
iional analysis f and ihorous^ demonstration of prine^sles neces- 
sary to the proper appreciation and use of any science; and 
that a sum of labor is performed, in the practical reduction 
oif calculations, which is not only unnecessary, but which di- 
yeriJB the mind from the proper issues involved in the pro- 
blem* and leads it into a labyrinth of doubts and obscurities. 
Jt is to the remedy of these palpable defects, that our labors 
are addressed; and to the presentation of a rational, saHsfae- 
jtoryt wnpUt umque and brirf system of calculations^ such tm 
^tnaxkdtd.hy the practice of ordinary business transactions. 

It is likewise designed to furnish the private student with an 
sa$y and certain guide to proficiency in numbers, on such 

(iii) 



IV PREFACE. 

prine^Us, and in such accordance with common unoe, as will 
appear to him reasonable and convincing^. Hence, While the 
theory of each department of numbers treated, is clearly elu- 
cidated, the practice is illustrated and demonstrated by fomiliar 
examples, occurring in business; and, too, by a method so 
short and general in its application, as to admit of .demonstra- 
tion more conclusive and pointed, than when encumbered by 
the masses of unnecessary multiplication, division, etc., which 
always attend the solution by the ordinary method. 

Throughout the whole treatise, the reader will observe that 
much importance is attached to the comprehension and proper 
application of the principles of Proportion; as constituting, 
chiefly, the basis of all those operations which follow the ele- 
mentary rules. In accordance with this view, all of the 
statements in this work, except those of addition and sub- 
traction, are made by Simple, Compound, or Concatenated 
Proportion; hence, they are unique, and may be easily 
remembered. 

The beautiful theory of Cause and Effect is thoroughly 
discussed, and applied to Compound Proportion. The theory 
of Inverse Proportion will, as dependent on Cause and Elffect, 
he found quite different from any hitherto presented. 

Much attention has been given to Mensuration, because of 
its practical utility, and the constant neces^ty of the appli- 
cation of its principles in active life. 

Contrary to the custom of many authors, we have excluded 
from this treatise all of those sub-divisions of numbers whose 
explanation depends on algebraic principles; such as the Po- 
sitions, Alligation, the Progressions, Permutation, Cube Root* 
etc.; none of which offer any reward for the arduous labcff 
lost in the impossible task of their attainment in Arithmetic. 
7f one-half the time devoted to these principles, in Aek arUtrar^ 
form in arithmietic, toere given to the study of Algebra, the pupiSi 
vmild not only learn a great portion of that heauHJul sdenee, 
but would thus secure the only key to the principles iwoohed in 
these rules. 

It has been a prime object, frst, to discuss principles, and 
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fAen deduce practical directions; for rules, toithout reaaona, are 
ridicuhtu, and insidting to the inquiring mind. 

No secondary principle has been nsed in the elucidation or 
iilastration of one that is primary; nor has any pjinci- 
pie been anticipated; but each, used in its natural sequence, 
has been made the basis of a yet hi|rher principle, in such 
manner, as to euUhoaU He reosontny powers ef the learner, wUk' 
out embarraseing them. 

Technical phraseology has been avoided, as far as consistent 
with the requirements of such a treatise; as likewise, puzxUtf 
and all giddy theorizing on trivial and unimportant topics, 
which should be beneath the dignity of a scientific man, al- 
though well calculated to please the, fancies of a vacant mind: 
for he who would be a useful man, must be a practical man; 
and the less acquainted with fascinating chimeras, the better ha 
is adapted to his great purpose. 

It is not claimed for this system that eaneelaiion can be 
availed in every solution; but that a great majority of prac- 
tical questions can be much abbreviated by it; the excellency 
daimed for the system, is, that while it abbreviates the work, 
the statement is so simple, so phUosopHeal, and the result, so 
inevitable, that no intelligent individual can fail practicing its 
principles, whether the arbitrary rules be remembered or not 

We shall endeavor to deal mildly with those who, being 
bound to the old system, as their hobby, cannot, or will not, 
•pen their eyes to the evident advance of modem improve- 
ments; and, therefore, submit our labors to the investigation 
of those candid and intelligent minds, which are not shackled 
down to such usages of the past, as are endeared more by 

habit, than by any rational merit 

T. RAINEY. 
■'Cincinnati, July, 1849. 
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CANCELATION. 



All arithmetical computations are eflfected 
by increase and decrease, which depend in their 
relations, on the converse operations of Multi- 
plication and Division. The latter are but 
abbreviated methods of adding and subtracting. 
Increase and decrease are the results of the 
relative difference between different numbers 
and quantities of the same thing : hence their 
result depends, in all reckoning, on tiie great 
principles of Rcttio and Proportion. Therefore, 
by Proportion, as the rationcde of statement, and 
Multiplication and Division as the mechanical 
media of reducing such statements to their 
results, we have in a few words, an epitome 
of all arithmetic. 

As by this, Multiplication and Division are 
presented as the leading operations of reckon- 
ing, we may profitably spend some little time, 
in ascertaining a more expeditious method of 
determining products and quotients, than by 
the old, tedious, and circumlocutory formulae 
of the books. 

When 7 is multijdied by 3, the product is 21 : 

this product divided by another 3, gives 7 again; 

(5> 
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Division : u InayTxherefi 



ihe Multiplication and 
Tore, be inferred, that, 
when any number is both multiplied and divided 
by any other number^ the former remains un- 
changed. Hence, such multipUerB and divisors 
may be dropped, as useless, and the numbers 
canceled. If the 7 be multiplied by 5, and the 
product divided by 10, the result will be 3i, or 
\ of the 7 ; because Ihe 5 has only one half 
the capacity in elevating, that the 10 has in 
depressing: consequently, the 7 is affected 
twice as much by Division as by Multiplication. 
We may therefore divide 10 by 5, and place 
the quotient 2, on the side of the 10, which 
shows the relation between these numbers; 
the one, increasing by multiplication, on the 
right ; the other, decreasing by division, on the 
left. Again : 

Two numbers, as 12 and 16, sustain to each 
other a relation, that may be expressed by 
smaller numbers. They may be reduced to 
such smaller numbers, by extracting a factor 
or figure which has been instrumental in pro- 
ducing the numbers in each case. Thus, 12 is 
composed of 4 times 3, while 16 is composed 
of 4 times 4. Here the same factor which has 
been used in making each number, the 4, may 
be extracted in each case, leaving 3 in the 12, 
and 4 in the 16 : which shows that ff are equal 
to 4 ; or, that ^| make %. In this case, as in 
all other cases of factors, the number sup- 
posed, must not be written down ; and must 
be contained without a remainder, in some 
number on both the right and left of the line. 
Such numbers on the two sides of the line, as 



CANCELING. 7 

are divided by the eupposed factor, may^ be 
canceled, and the other constitaent factor must 
be set on the side of the canceled number, 
from which taken.* 

When there are numbers on the right and 
left, terminated by ciphers, these ciphers may 
be stricken off in equal numbers, as so many 
factors of 10. In |^ we cancel the two ciphers, 
and leave f ; which is equivalent to extracting 
10 in each case. No cipher can be canceled 
which has a significant digit on its right ; for its 
value is qualified by such digit. Numbers on 
the left of ciphers may be canceled with other 
numbers on the opposite side of the line ; as 
such numbers are but factors co-operating with 
the ciphers on the right, to constitute their 
sum. Ciphers thus isolated indicate 10. From 
these considerations we conclude, that, to can* 
eel numbers, after they have been arranged 
on the two sides of the vertical Hue, 

1st. Cancel all equal numbers on the two sides 
of the line : 

2d. Cancel ciphers in equal numbers : 

3d. Divide^ leaving no remainder, from one 
side of the line into the other^ andy vice versa, 
placing the quotient on the side of the larger : 

4th. Extract all possible factors from any two 
numbers occupying d^erent sides of the line, 
and leave the other constituents of such numbers, 
on the side of each. 

A few examples in the multiplication of 
fractions are given, merely to illustrate the 

* Cancel, is from the French caiuxBar^ which signifies 
literally, to cross a writing. 
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application of the foregoing directions . Mtdti- 
ply J of * of A of 2, by | of l| of |i of H of 6. 
Here, as in the multiplication of all fractions, 
we pUtce all the Numerators on the righi^ and aB 
the Denominators on the left. We have not 
sufficient space to give the theory of these 
statements, in this little treatise, which, it is 
designed to devote more particularly to opera- 
tions in practical business ; leaving all the work 
preparatory to this, to lectures at the black- 
board, or to the elementary works of others.* 

The following remarks may be proper just 
here : 

The upper part of a fraction is called the 
Numerator; and the lower part, the Denomina- 
tor. The Denominator, from de, concerning, 
and nomen, a name, shows the name of the 
fraction, or the number of parts into which the 
unit or whole thing, is divided. The Nu- 
merator, from numerus, number, shows the 
number of parts, of the size indicated by the 
Denominator, taken. A whole number is con- 
sidered a numerator, whose denominator would 
be 1. Mixed numbers, such as 4i, 3^, &c., 
before placed on the line, must be reduced to 
improper fractions. This is done by multiply- 
ing the whole number hy the denominator of the 
appended fraction, and adding in the numerator. 
The denominator of the number is again used, 
as the denominator of the improper fraction. 
Thus, in 4^, twice 4 make 8, and 1 makes §. 
In 3^, five times 3 are 15, and 1 is »/ . Hence, 

* Day and Thomson's Practical and Higher Arithme- 
tics. 
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9 



9 and 16 are *the numerators, although they 
are larger respectively, than their denominators. 



8— A^ 






^M — i^ 
6 



8 



6^ 

SAns. 



Fours equal : 5 into 10, twice ; 
this 2 equals 2 opposite : 8 into 
24, 3 times, while 3 times 3 on 
the right make 9, which goes 
into 18 on the left twice : now 
twice 6 on the left equals 12 on 
the right : 5 into 35 seven times, 
and- 7 into 14 twice; this 2 into 
16 eight times, on the left : we 
have remaining on the left 8, 
and on the right 5 ; making 
f , Ans. 

After canceling as far as practicable on the 
two sides of the line, multiply continuously 
together all the terms on the right, for a new 
numerator, and all the terms on the left, for a 
new denominator. If nothing remains on the 
right, one is understood. If the number on the 
right be smaller than the number on the left, 
the answer is a fraction ; of which, in all 
cases, the right is the numerator ; but, if the 
number on the left be smaller, the right must 
be divided by the left: in such case, the 
answer will be a mixed number. 

What will 7i lbs. iron come to at 2| cts. per 
lb.? Here 7i make y, and 2| make '/. 

We place the numerators on the )i^^— 3 

right, and the denominators on the M^ — ^ 

left. Five into 15, three times; and 1 18 cts. 
2 into 12 six times ; while six times 

3, the only remaining numbers, make 18 cts., 
the answer. 
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Multiply, If of a yard of cloth, by jf of a 
dollar per yard, thus. 



6 
4 



4ti 



20 



lj4— 3 



9 

20 



Here, we must suppose some 
factor, before the numbers can be 
reduced. Let us take 5, which 
goes into 25 five times, and 
into 15 three times ; again : 4 into 
16 four times, and into 12 three times; we 
have 5 and 4 as factors, neither of which has 
been placed down ; only their quotients. Now 
3 times 3 on the right, and 4 times 5 on the 
left, make -f^ of a dollar. 

What will 2f yards of gambroon come to 
at 1 .20 cents per yard ? 



4 

% 



21 Eight is contained in 120, 15 

^^0 15 times ; and this number multiplied 

by 21 on the same side, gives $3,15 
cents for the answer. 
If Tj ^^ a farm are divided among 4 heirs, 
how much will each get? 

In this instance the dividend, yV, must be 
placed on the right of the line, and 4, the di- 
visor, on the left; thus, 

A fractional number occupies the 
right or left of the line, when its nu- 
merator is on the right or left. Let 
the numerator be located first ; then, 
15 the denominator is merely placed op- 
posite. If I direct the pupil to place 
■f^ on the left of the line, he must place the 9 
on the left only, and the 17 on the right. The 
numerator always indicates the locality and 
value of the fraction. 

Divide J of | of 20, by /^r of f of '/ of H 
of 44 of V- 



16 
15 



5^-2 
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7 
3— M 

5—^ 



A^ 



\ 



105 



8 
A0-2 



16 



105 



The numerators of the divi- 
dend sure placed on the right, and 
those of uxe divisor on the left, 
with all the denominators oppo- 
site their respective numerators. 

Four into 20 five times, and 5 
equals 5 on the left; 9 into 18 
twice, and twice 2 on the right 
make 4, which goes into 12 on 
the* left 3 times; 5 into 25 five 
times, and this 5 again into 10 
on the right twice ; 8 into 40 five 
times ; 3 into 9 three times ; 3 equals 3 ; 2 and 8 
remain on the right, and 5, 3, and 7 on the left, 
which multiplied separately give tW- 

From the foregoing we may deduce the fol- 
lowing directions : 

To multiply frojctions ; place all cf the numera- 
iorSy both of the multiplicand and multiplier, on 
the right of the vertical line, and all the denomina' 
tors on the left. 

To divide fractions; place the numerators cf 
the dividend on the right, and those of the divisor 
on ike left, with the respective denominators of 
each opposite their numerators. 



COMPLEX FKACnONS. 



(It is not desired in this short treatise to devote much space to either 
the theory or practice of fractions ; as it is believed that there are very 
many elementary works accessible, which do entire jnstice to this depart- 
ment of numbers. We shall merely introdnoe a pafe or two on complex 
fractionsji for the consideration of teachers, that we may present a shgrt 
Md simple meUiod of nsin^; them, which is not found m the books.) 

Division of ordinary fractions leads to the 
consideration of those that are convex. The 
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doctrine may be advanced, that to increase the 

terms of a fraction, so as luot to charge its value^ 

midtiply both the numerator and denominator bg 

the same number. 

If I be multiplied by 2, it is made f. Now, 

34. 
if instead of J, the fraction were^, we might 

double the numerator 3i, by multiplying by 
the special denominator 2, and adding in the 
special numerator 1; thus making \ of*the 
numerator. 

But if this numerator is thus increased by 
the 2, the denominator should be likewise: 
hence the 4 is multiplied by the same 2, mak- 
ing 8, by which we have -J, which is equivalent 

31 

to -r- Both terms of the fraction are in- 

creased by the same number, the denominator 
of the fraction annexed to the numerator. 

After reducing the numerator, it may be ex- 

7 
pressed thus : oTTT* showing that the two de- 
nominators have been thrown together, and 
may, consequently, be combined in multipli- 
cation. 

It appears thus, that if we would reduce 
complex to simple fractions, and at the same 
time to the lowest term, we should multiply 
each term of the fraction by the denominator or de- 
nominators of the fraction or fractions annexed 
to the numerator or denominator, or both, adding 
in at each separate multiplication, the given nume- 
rator or numerators. For example, in the frac- 
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tion of >^^ multiply first by the denominator 

of the nttmerator, 8. Twice 8 are 6, and one, 
the numerator, added, makes 7, or |: now 
-we ^nMply the denominator 2i, by th^ 
eame 2; — ^twice 2 are 4, and twioe i are f , 
niaking 4f. This 4i must be placed under 

the 7,tbuef,2r* We have now reduced the 

3 

complex fraction in the numerator by multi- 
plying it and the whole denominator below, by 
the denominator 2 abore, and proceed to ^at 
of the denominator. Taking the new fraction 
4f to work on, we say 8 times 4 are 12 and 2 
are 14, for a new denominator, and 3 times 7 
are 21, for a newnumeratol:; thus, \{, This 
reduced to its lowest term, by dividing the nu- 
merator by the denoininator, gives l| for the 
answer. 

It is seen, therefore, that in each case, it is 
necessary to reduce both the numerator and 
the denominator to a mixed number. After 
this is done, knowing that the denominator 
of a fraction is the divisor, we may deduce the 
following rule: 

4 

To reduce complex to simple frtxctions, rf (he 
lowest term: Imuoe hath terms to an improper 
fractiojiy and place the numerator of the numera- 
tor on the rights and ike wumerator of the demmd'' 
nat^aniheUft,wmthehrespeetwedenamma^i 
opposite. 

Let us reduce in this way^. The niime- 
rator di is first reduced to \ and placed. 
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the numerator on the right of the linef/and 
the denominator on the left; thtts, 2\* 



Next reduce the denominator 2^ to 
improper fraction^ and divide by it, plae- 
in^ the 7, or numerator, as in other t H 
caseB of division, on the left^ Seven equals 7 ^ 
and 2 is contained in 3 one and a hidf t^esy 
which is the ansv(rer, as above. 

By this process, the complex is not only ren 
duoed to a simple fraction, but to the lov^rest 
term of that fraction ; all of the factors being 
excluded in the cancelipg: while it is plain 
and intelligible, and at once proves itself ne- 
cessarily correct to all who take the trouble to 
knew that the numerator of a fraction is the 
dividend, and the denominator the divisor. 

In the same manner that other fractions are 
multiplied, we multiply these, by placing on 
the right the numerators, both in the multipli-. 
cand and multiplier. Hence» 

To muUifiy complex fractixms and reduce them 
to their lowest term: Place the numerators of the 
numerators^ both of the multiplicand and mtd- 
tiplier, on the right; the numerators of the denomi" 
TuUors on the left ; and aU respective denominators 
c^aposite. v . 

Multiply |5 by j|. In thcJ ^st plfitce 6^ 

make V > '^'^hich are placed on the rights whHe 
4, the denominator, is plaeed with the 8 cm the 
left. Under this are placed the 4 J, or y , the 
other numerator; and |, the denominator, is 
placed on the left; thus. 
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Four times 6 oa the left equal 24 on 
the right. The answer is 8i. 

Again: Multiply | by ~. Thas, | is divided 
by if and this is multiplied by f and dSrided 

by*- 

Three is contained in 6 twice, and 
twice 4 equals 8 on the left. Seven 
equals 7, while 5 is contained in 9 
1| times. 



9 



t 
5 



Division of complex fractions may ^ per- 
formed as in the division of other fracti<Hi8| 
by inverting or placing on the lefl of the line 
the numerator of the divisor. Hence, 

To dwide one comply fracthn by tmoiker: 

Place the dividend on the right and the dhsieor en 

the left. 

44- 24- 
Divide =1 ^y q?» Here we place 4J on the 

right, and 7^ on the left; and dividing by 2i, 
place it on the left, while its denominator 8| 
IS placed opposite. 



It appears that all of the numberft 
^wal : hence, one is understood on the 
light fat the quotient. 



* 
ik 






|i 



It is foreign to our purpose to fill this little 
volume with examples for the reader to solve; 
nence, after pointing out clearly the principles 



16 RAlNBt*8 mVttOVBD ABACUS. 

gOTeming statements and sdvtums^ we shall 
give him the privilege of working such qaes- 
tikms as his experience and business may sug- 

Sest ; a few examples, however, will be intro- 
noed, to familiarize him with canceling and 
using figures bv this system. 
Multiply 8| lbs. cheese, by 8i cents per lb. 
Multiply i of /ir of- 20, by V of # of tV of 
A of I* of lOi of 180. 

Multiply |i of 40 by*^, and divide by | 

of A- * ^* 

Divide i by i, and multiply it by \ of 20. 

The examples above are deemed sufficient 
to eoiable the learner to proceed with ease, 
after die questions are stated, without a teacher. 
If the numbers on the two sides of the line 
are sueh as ctfnnot be canceled, they must be 
multiplied and divided, and the result will be 
the sAme. The vertical line will be explained 
in Simple Proportion. 



SIMPLE INTEREST.* 

ySr Tha fi41»wuw method of oasUaf intomt it dongaod for OTorjr m(o 
percent. Many of oie (Questions wrought under thii head, can be wron^M 
with lets than half the nnmber of fifuret here Mtp^redl, \ff the llMIt S pM 
eent., and other methodi which willfollow. 

« 

SncPLs wTsussT is an allowance made for 
the use of money, and is different in diffiBraenft 
countries. It is supposed that, as in one year 
the products of the soil, on which all other 
profits are primarily based, yield their regular 

* I am indebted to the Rev. William MoGooUn, of Ohio, fi>r many impor- 
isat tngfei tiow on timple mterett. 



THEORY OF INTBBEST. 17 

i]icr^u»e> bo it k reasonable that a botrower 
of money should be required to refund tlie 
amount bo^rrowed, annually. Hence, the qnit 
of time for ^which nroney is lent, is one year ; 
called per annum or ^ t^ y^o^y firom the Latin 
words, per — by, and annvm — a year. The 
charge of a spedfio price or bonus f(»* tiwtMe 
of money, requires that a sum be established, 
as a general sum^ on which, in one year, the 
specified, legal interest shall be charged; so 
that a larger sum would receive proportionally 
more, and a smaller sum proportionally lees 
int^est ; while likewise a greater or less length 
of time than one year, would make the inter- 
est proportionally more or less. This specified 
sum is 100 ; a number chosen because easily 
used in dividing; being l^e round product of 
tivo decimates. The 100 is called per centum, 
from per — by, and centum^ a hundred. Hence 
per centum per annum means, by the hundred, 
by Ihe year. Cent, is a contraction of centum. 
Most ef the States of our Union have estab- 
lished 6 per cent, per annum, as the legal rate 
of interest. Now, it is manifest that if per 
centum or KK), in per annum or 1 year, that 
is, if 100 dollars in one year* gain 6 dollars 
interest, a larger or smaller nomber of dollars 
will gain more or less than 6 dollars, in one 
year; while likewise, $100 in a greater or less 
time than one year, would gain more or less 
than 6 dollars interest. If $100 in one year gain 
6 interest, 200 would gain twice 6, or 12 ; add 
if 200 in one year gain 12^ in two years it would 
gain twice twelve ; or in one half of a year 
2ie half of 12^ x>r 6. So we perceive that the 



18 RAINEY'S IMPROYSD ABACUS. 

intenart; on a mm of money for a given peiied 
of time depends on the relation that such sum 
bears to 100, as well as the relation of tiie 
time to 1 year. These relations are properly 
ascertained by Gompomid Proportion ; but we 
will here present them in the form of two 
connected simple proportions. What is the 
interest on $50 for six months, at 6 per cent. ? 
that is, if $100 in 12 monlhs gain $6 interest, 
what interest will $50 gain in 6 montiis? 
Now we place the demand, $50 and 6 months, 
on the right of a line, and the terms cff the 
same name, 100 dollars and 12 months, as the 
supposition, opposite these, on the 1^. When 
we place dollars opposite doUars thus, it is to 
get the ratio between the two numbers of 
dollars : the same is the case with the mondis, 
which are placed opposite. The ratio between 
100 and 50 is ^ ; and between 12 months and 
6 months ^ ; so that the two ratios multiplied 
together, that is i times i, make i ; hence, Ihe 
$6 interest multiplied by this i, is reduced to 
1^, whidi is the result ; thus, 

The ratio of these numbers 
compared, is obtained as by a 
fulcrum axii scale. Hence, 50 is 
contained in 100 twice, and 6 in 
12 twice, and this 2 in 6 three 



2—^00 



^0 



times, and 2 on the left in 8 on the right 1^ 
times, which is li dollars, the answer. Suppose 
the time above, instead of being 6 months, were 
6 days; then we could not place one year 
opposite it in the form of 12 months ; but only 
in the form of 860 days: for, to obtain the 
ra^tio of time that 6 days bear to a year, we 
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mint compare days with days, not witii montbi : 
,heftce if the tune were 6 dajQ^ we would place 
300 idays, which make a year, opposite; or 
which is the saiae thing, 30 days opposite, to 
nud^e a month, and 12 months to make a year : 
these two numbers make 360, the number ef 
days in an interest year« Let ns find the 
Interest for d days ; thus, 

We must place on the left op* ^ iM\M 

posite the specified time, 1 year, ^(^ a 

12 months, or 860 days, just as ^ | Z 

the time specified^ may he in years, ' ■ ' ^, ' 
months or days. Here a^pain, dO \JL 

Into 100 twice: 6 times 6 on the |i20 

right equal 86 on the left; leaving 
the cipher or 10 to be multiplied into the ^, 
making the denominator 20. One being un- 
derstood on the right, the answer is ^^ of a 
dollar ; equal to 5 o^ats. 

We see dien, that 100 and the time, either 
in years, months or days, go to the left ; while 
we place the sum on which the interest is 
to be obtained, the time, and the nUe^ all <m 
the right. 

Now if the rate be 6, or 10, or any ether p<nr 
cent., it is so manyhundredths ; 100 being the 
denoiainator, while 6 or 10, i&c, is the nume- 
ratcx*. This denominator is eomposed of two 
decimals. Decimal is from the liatin word 
decern, whidi means ten ; hence, the decimal is 
the tenth part of a unit. Two of these deci- 
mals, or the tenth times one tenth, make one 
one-hundredth : hence, asiy two decimal lactors, 
express so many hundredths. It is necessary 
in expressing a decimal fraption, that thease 
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be one figure less in the nomeralor than in 
tiie denominator: and the denominator 100, 
containing 3 figures, we always consider that 
tiiere are but two in the numerator or rate. 
Then, if we consider the rate per c^it. two 
decimals, every thing multiplied into it must be 
made 100 times smaller : that is, if dollars be 
multiplied by the rate, they become hundredths 
of dollars, or cents : and if cents be thus multi- 
plied by the rate, or two decimals, they become 
hundredths of cents . Now, in the first question 
wrought, let us make this rate two decimal 
factors, by dropping the 100 at the left. It is 
unnecessary here to place a cipher at the left 
of the 6, to show that the rate is composed of 
two decimals : this will be understood. 

Certainly, when we multiply the 
$50 by this rate per cent., 6, it is 
made 100 times smaller than dol- 
lars, and becomes cents ; so that 
*U»^ the answer is 160 cents. We 
will therefore cut ofi* two figures at the right 
of th^ result for cents. Suppose again, we 
consider this 50 cents, instead of 50 dollars: 
then the cents being multiplied by the rate, 
become hundredths of cents ; so that in the 
answer, we cut off* two for hundredths of cents, 
two more, if we have them, for cents, while 
the remaining figures a;t the left, are dollars, 
fiut having only 3 figures, the answer is 1 cent 
and 50 hundredths; or 1^ cents. Let us get 
the interest on $60, for 317 days, at 6 per cent. 
We call the $60 here, as we call the sum in 
all other cases, the Princifal— ^tfae 317 days, 
the Time, and the 6 per cent, per annum, the 
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317 



•13,17 



1S.ATB. We place these numbers on the tight, 
thus, 

and as the tune is in days, we 
place 80 and 12 opposite, or S60, 
which is the same thing ; and 
ag€tin dispense with the 100. If 
we dispense with this 100 on llie 
left, the answer will be 100 times smaller than 
the principal ; and tiiis being dollars, the an- 
swer will be cents. Cyphers equal : 6 into 
12 twice : and twice 3 on the left, equal 6 on 
the right. We have 317 left, cmd conclude, 
that the answer is 3 dollars and 17 cents. If 
the principal were 60 cents, the answer would 
be 3 centd and 17 hundredth^. From this we 
conclude^ tiiat, When the Principal is dollars^ 
the answer is cents; and when the principal is 
cents, tlie answer is hundredths of cents. 

What is the interest on $80, for 9 months, 
at 7 per cent. ? Here, we place the P. T. & R. 
as before, on the right ; and place 12 only, on 
the left; because the time is in months, or /^ 
of a year. 

We use the factor 4, which 
goes into 12 three times, and into 
8 twice : 3 into 9 three times : 
now 3X2X7X10 make 420, or 
$4 and 20 cents. Were this 
time 9 days, we would place 30 with 12 on 
the left. Were the principal 80 cents, the 
answer would be four cents and yY^. 

What is the interest on 37i cents for 18 
days at 7i per cent. ? * The principal and rate 
being mixed numbers, must be reduced to im- 
proper fractions; and the numerators placed 
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oa the right, widi their denominatarB ob th^ 

left. The numerator of a fraction in all cases^ 
oocvpies t/ie same place that otherwise the whole 
number would: while the denamiTuxior is vavarior 
Uy placed opposite. Hence again, the time being 
days, we place 30 and 12 on the left. TIm^ 
principal is cents ; V cents ; hence, the answer' 
will be hundredths ; and as sueh, we will strike 
oS two numbers for huadredths^ and two Hmt 
cents*. 

Fifteen into 30, twice, and 
2 into 18, 9 times : The fae*^ 
tor 3 into 9 three, and into 
12, four times; 4X2X2 are 
16 on the left, and 3X75 on 
the right, are 225 ; which di* 
1 ^tV vided by 16 gives H tV • The 

answer is no dollars, no cents, and 14 -^-^ hun- 
dredths cents. Such examples as this are 
scarcely of any practical value, and only show 
the full extent of the theory and practice <rf 
interest by this system. 

What is the interest on $600,60 cents, for 3 J 
years, at 4i per cent.? We make the 3i years, 
y , and place the 10 on the right, and 3 on the 
left, and divide by nothing, except the denom- 
inator. All that we divide by the numbers 
12, and 12 and 30 for, is to reduce the time to 
years; hence, when the time is already in 
years, division by any number becomes unne- 
cessary, except by such denominators, as from 
mixed numbers, may fall on the left ; which 
is the case with 3 and 2 in this example. 
Here, the 4i make | per cent. 
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•190,09,00 



Two into 10 fire, and 3 into 
9 three times: now 3X5X600,60 
make 900900. We cut off two tat 
hnndredthsy and two for oeats: 
kencoy the answer $90,09 cents, 
And no hnndredths. This answer is in him*- 
dredths, because the principal is in cents. 

What is the interest on $600, for 3 years, 6 
months and 20 days, at per cent. ? Here it 
is necessary to reduce all the years to months, 
and add in the given months ; and likewise re* 
dace the days to the fractional part of a month, 
jud add such fraction to the months. In three 
years thcore are 36 months, and 6 more added, 
make 42 months. Now, 20 days are |^ of a 
month, which, eanoeling the two ciphers, makes 
%. The time, therefore, is 42| months, wiiich 
make -^f-^ months. We place ^s 128 on the 
right, and 3 on the left. The time now b^ng 
in months, we divide by 12 only. 

Six into 12 twice, and twice 
3 on the left, equal 6 on the 
nght: we consequently draw 
down the 128, and annex the 
two ciphescs, making the answer 
$128,00. Suppose the time had been 1 year, 
1 month,, and 10 days. One year and 1 month 
make 13 months : 10 days are ^^ or i of a 
month : consequently the time is 13i, or y 
mouths. Here, 40 should go to the right, and 3 
to the left, with 12. Again : Suppose the time 
6 months and 15 days : These 15 days are ^{. 
or i month; so that the time is 6i, or y 
months. Here^ again, 12 should be placed on 
tiie left. Suppose the time 2 years, 9 months 
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•I 128,00 



M RAIKET'S IMPROVED ABACUS. 

and 35 dayi : tiie 25 daya make thus, ||, equal 
ta f of a moniii ; and two years and 9 months, 
make 38 monthfl, which, with the | annexed, 
is d3| or 'f ' mondis. Suppose the time 217 
days : this would be f ^, or /^ ^^ ^ month, to be 
annexed to all the months. Were it 26 days, 
it wouJd be ||, or ^^ of a month* Nine days 
.would be 'g\y or ^V of a month : so would 8 
days be Z^, or ^^j of a month. Suppose the 
time were three months and 29 days. Most 
business men would call this 30 days : but to be 
accurate, we would multq)ly the n^onths by 80 
and add in the 29. Thus, the whole time would 
be reduced to 119 days : and we would conse- 
quently divide by 30 and 12. Wlien the days 
make a number that cannot be reduced to the 
fraction of a monl^, to secure entire accuracy, 
tiie years must be reduced to months, and idl 
the ^ven months added in ; then, these months 
must be reduced to days, and the given d^a^ 
added in. 

What is the interest on $50 for 1 year, 3 
months and 5 days, at 6 per cent.? One year 
and 3 months make 15 months: 5days^ are^ 
of a month: hence 15^, or y months, is tilie 
time. We divide by 12 only. 

150 I 3^^®^ equal: we have 12 on the 
91 left, and on the right 50X91 wlneh 
12^ makes 4550. This divided by 12 

1214666" ^ves for answer $B,79^ cents! 
• ^.^ ^Q^ From the foregoing principles and 

' ' ^ ' operations, we are justiiied in ma- 
king the following 
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SUMMARY OF DIRECTIONS, 

For working Interest of any eonceivabie Frin* 
cipcd, Time, and Rate. 

' Place the Priiteipal, Time, and Unte, on the 
right of the vertical line ; and if the time is daysy 
]^dce 80 and 13 on the left: if the time is months^ 
place 12 ordy, on the left: and if the time is 
yearSj plaee nothing on the left. 

If the Principed, Time, or Rate is a mixed 
number^ redvee it to an improper fraction, and 
piace the numerator on the right, toifft the denom- 
ijiator on the left, 

When the Prineipal is dollars, the answer is 
cents: in such case, ivso figures must he ait off 
for* cents : when ike Principal is cet^s, the an- 
swer is hundredths of cents:' here, cut off two fig- 
ures^ commefKtng at the right, for hundredths, 
two mere for cents, and' the teffttriiidet' <tt Hve Uft 
is dollars. The figures thus cut off for cents, 
hundredths, ^,; must he whole nunAers; while 
any exisHng fraction wHl be onfy a fractional 
part ef sitch cents or hundredths. 

When the time is months and days, or years, 
months and days, reduce the years to months, and 
add ifi aU the given ptonths : then reduce the days 
to ^ fractional part of a month, and annex this 
fixKtion to the whole nundjer of months: reduce 
(dltaan improper fraction, and place the numerator 
on the right, and the deitomiTiator on the left. In 
such case, diiHdeby 13 only. If the time cannot 
be reduced to the fractional part of a month, re- 
duce the whole time, years, months and days, to 
days, and divide by 30 and 12.* 
2 
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If Iht time is years and tnonthsy redtice the 
months to the fractumal part of a pear : add to 
the years : reduce all to an improper fraction^ and 
dimde by the denominator ofdy. 

If the answer to aqnestaonbe $80, 20 cents 
and 38 ^{ hundredtha, and it were written tlmsy 
80.20.38^{^, it would be wrong to cut off eith- 
er the 18 or 29 by itself, or both together, for 
the denomination of hundredths; for they make 
only the ^| part of one one hundredth part of 
a cent. Hence, to strike off cents or hun- 
dredths of cents, place the separatrix between 
integral numbers only. 

The use of 360 days to the year, may be by 
some thought singular; but it grows out of tho 
standard commercial usage, 30 days to the 
month) and 12 months to the year. The busi- 
ness year, the civilized world over, is called 
300 days. K, however, any wish to use the 
365, they can easily do so by substituting 365 
on the left, for 30 and 12. The difference in 
the result is only ^^ part. In banks, the in- 
terest is always reckoned for three days more 
than the time specified by the bont>wer) which 
are called days of gracey or days given the bor- 
rower to allow for any accidents or exigencies 
which may prevent the money being funded 
at the close of the discounting period. Grace 
means gift. ReaSy the three days are not days 
of grace ; for interest is reckoned on them as 
part of the general discounting time. Banks, 
too, charge more than the legaJ rate of inter- 
est ; on what principle of ethics, however, I 
have never been able to learn. If the rate be 
6 per cent., the note for one year, is given for 
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$100; and the interest on $100, which is $6, is 
dedudted from the money when issued to the 
borrower; so that be gets only $94. Now 
here, he pays $6, not for the use of 100, which 
would be eqnitable,^ at 6 per cent., but for 94. 
The interest on $94, the sum that the borrow- 
er receives, at 6 per cent., will not be $6; so 
that he loses clear the difference between tiie 
$6, and the sum of interest that 94 wouid gain. 
This difference is quite important in heavy 
transactions. 

It ii frequently impossible to cancel in ques- 
tions of interest ; when this is the case, all the 
numbers on the right must be multiplied to- 
gether for a dividend, and all on the left for a 
divisor : after which the former must be divi- 
ded by the latter. Some would ask, " what 
benefit in working interest in this way, if at 
times, it is necessary to multiply and divide, as 
in the old system ?" It is because all ques- 
tions, whatever be the principal, time or rate^ 
can be wrought by this one, simple rule, with*' 
out a separate rule for every varying per cent.; 
and which rule itself, is based on a principle 
so remote, as seldom to be seen by the oi^i** 
nary arithmetician : because the statement 
can be easily made and understood by any or- 
dinary mind ; because the work is unique and 
systematic; and because in most cases the work 
can be greatly abbreviated by 
canceling. We give but two 
other examples, and these 
without the work. What is 
the interest on $800, for 2 years, 
8 moiiths and 15 days, at 10 per 
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316500 
$1216,66| 
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cent.? Hete then/ theiimenialces -V- mDn&B* 

What is the interest on $10,000 
for 90 days, at i of 1 per eent.?' 
This time may be placed on the line: 
as 90 days 3 months, or i of a 
year. In the first case, we woidd 

divide by 80 and 12 ; in the second by 12 only,> 

and in the last by nothing. 



30 
12 

4 



10,000 

90 

I 



6,26 



INTEREST AT SIX PER CENT. 

Interest at 6 per cent, has long since been 
reckoned by dividing by 60, when the time was 
days, or when months, multiplying the princi- 
pal by half their number. This process is 
very easy, when the number of months is 
even, and the half can be found without ma- 
king it necessary to multiply the principal by 
a mixed number ; but when the time is an odd 
number, or has years, months and days ; or 
when the principal is a 'mixed number, it is 
diiiicult, by the process ordinarily pursued, to 
use the fractions, and ascertain the precise 
result. Hence, the time is generally made too 
great or too little, and many fractions are 
thrown away ; whereas by the use of the ver- 
tical line, and the consequent advantage of 
placing the numerators and denominators on 
its two sides, this difficulty is entirely obvia- 
ted ; so that if the numbers on the two sides* 
cannot be canceled, they can at least be mul- 
tiplied and divided, as by the old method. By 
this method, therefore, a clear gain is made of 
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all numbers that can be canceled, as well as 
greater ease and perspicuity in the statement. 
We find by the first method presented in this 
work, that &e interest on one dollar^ for 60 
daysy at 6 per cent., is one cent. It is likewise 
the same for 2 months, thus : 

1 



M 



^ 



\l cent. |1 cent. 

In the former case, the time being 60 days, 
SO and 12 are used on the left; in the latter, 
the time being 2 months, 12 only is used. The 
result is the same. 

If one dollar, as above, give 1 cent interest 
in 60 days, it will in 6, which is the tenth part 
of 60 days, give the tenth part of a cent, or 
one mill. The fact is therefore established, 
that 

One dollar in 6 days, at 6 per cent., urill gain 
ONE MiiiL interest ; and one dollar in 2 months 
at 6 per cent., will gain one cent interest. Hence, 
we are justified in making the following 
statement in Proportion: If 1 dollar in 6 days 
on the left, give one mill interest, last on the 
right, how many mills will any other number 
of dollars and days give on the right? Or, 
if one dollar, in 2 months on the left, give one 
cent interest, last on the right, how many 
cents will any other number of dollars and 
months give, on the right ? 

What is the interest on $40 for 240 days? 
Here, the principal and time are placed for a 
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d^mBiai, ou the rights 1 dollar aad 6 daya^ for 

the same name on the left, and 1 mill, last on 

the right^ for the denomination of the answer: 

- -^ Thus. The ans\ver is consequently, 

wL^ A mills ; hence, qm figure must be cut 

^[T^'""^ off for nulls, and all at the left of it 

11 60 o" ^^^ cents and dollars. The answer 

' ' ' is oiie dollar, 60 cents an4 no mills. 

The ones are placed on the two sides of 

the line, mer^y to indicate the proportion in 

the statem^iM^- They are unn^essary in 

practice, and may be dropped in the statement 

ai^d! calculation. 



fi|794 
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What is the interest on 20 cents 
for 794 days ? Two is contained in 
six three times, which we can di- 

lo Qii fia "^^^^ ^7' ^^ farther, and consequent- 
i«'»*'^t ly bring down on the left. The 
794 are multiplied by 10, by merely appending 
the cipher. In this case, the principal is 
cents ; hence, the answer is 1000 times smaller 
than if it were dollars, and is consequcAtly 
thousandths of cents. We strike off one fig- 
ure for thousandths, two more for hundredths 
of cents, and the remaining figure is cents ; 
hence the answer, 2 ce^ts, 94 hundredths, and 
6| thousandths. The business man every- 
where, would call this 3 cents. By this it is 
seen that, when the principal is dcUarSy the an^ 
swer is miUsy and when the principal is centSy the 
answer is thousandths cf cents. 

It is quite preferable that the answers 
should be in dollars, cents, and hundredths of 
cents. To effect this, when the time is days, 
and we divide by 6, as in the foregoing, we 
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fM^ cut off and throw away at the right of 
the answer, one Jigure, for mills or thousandtha 
of cents, as useless; and the answer will be 
cents or hundredths, according to the denom- 
ination of the principal. It must be remem- 
bered, that this figure b thrown away at the 
right of the answer, only when the time is 
days. 

What is the in- 
terest on 680,20 cts. , «tn^i^^^ a 
for 93 days? ' •10,64,310 An., 

Here, the factor 3, is contained in 6 twice, 
and in 93 thirty-one times ; this 2 in 6802 is 
contained 3401 times. We multiply the lat- 
ter number by 31, by using the 3 only, not set- 
ting it down, but placing its product one move 
to tiiie left of the unit's place, and adding the 
two numbers. To this sum we annex the ci- 
pher. One figure, the cii^er, is thrown ofi*, 
which leaves the answer 10 dollars, 54 cenl», 
and 31 hundredths. The long method of mul- 
tiplying by 31 would be quite as easy for 
most persons as that used above. Or the two 
original numbers 680,20 and 93 could be mul- 
tiplied, and their product divided by the 6, pro- 
ducing the same result. 

It may be remarked here, that whenever it 
is necessary to multiply by the numbers 21, 
31, 41, 51, 61, 71, 81, 91, the left figure only, 
may be multiplied by, and its product removed 
one figure to the lejl of the unit's place, and 
the two nimibers added. Likewise to multi- 
ply by 18, 14, 15, 16, 17, 18 and 19, use the 
right hand figure only, placing the product one 
move to the right, and add as b^Dpre. In 
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neither of the cases do we write the number 
multiplied by. 

What is the interest on 87^ cents, for 120 
days? In this instance we may place the 
principal on the line as a mixed 
number J-^^, as in the annexed ex- 
ample, or we may make the i cents, 
5 decimals, and place it down as 87,5, 
thus. 

The result will be the same, ex- 
cept that, in the latter case, one 
figure must be cut off for the deci- 
mals; then the figures remaining 



176 

!1,750 
87,6 



1 1,76,00 

may be treated as usually. In the first ques- 
tion, 6 times 2 equal 12 on the right ; in the 
2d, 6 into 12 twice, and twice 87,5 are 1750, 
which with the 10 annexed, becomes 17500. 
The result is the same, after cutting off the 
decimal in the latter case, and afterwards one 
figure in each case for the thousandths. Hence, 
the answer, one cent and 75 hundredths. 

What is the interest on 287,37i cents, for 
80 days ? We give the i cent here the deci- 
mal expression, .5, and will throw away one 
figure in the answer for it. 
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3, 83, 16,66 J 



Here multiply by 8, annex 
the cipher, and divide by 6. The 
answer is 3 dollars, 83 cents, 
16 hundredths, &c., &c. 
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,500 



What is the interest on $200, 
for 15 days ? Ans, Fifty cents. 
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What is the interest on $360, for J^^ 

97 days ? ^ ~ 

•^ »| 6,820 

We now come to questions in which the 
time is months, or months and days, or years, 
months and days. In this case 2 is used on 
the left, because in 2 months $1 gains 1 cent 
interest ; the answer will be in cents and hun- 
dredths, without throwing off one figure. 



What is the interest on $200, for 7 
months ? Here we place principal and 
time on the right, and 2 on the left ; 
the answer is $7, and no cents. 

Interest on $387,20 cents, for 10 
months ? Two into 10 five times, 
and five times 387,20 are 19 dol- 
lars 36 cents» and no hundredths, 
answer 
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$119,36,00 



What is the interest on $47, for 5 
months ? In this instance, we multi- 
ply and divide only. 



47 
5 
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»!l,17i 
480,93,76 



1 



What is the interest on $480, 
93i cents, for 1 month ? Three- 
fourths are made .75, in the form 
of two decimals : hence, in the 
answer, two figures are cut off for decimals, 
two for hundredths, and two for cents. 



$12,40,46,87^ 



What is the interest on 12i cents, 
for 20 months? This principal is 
reduced to halves : answer, 1 cent 
and 25 hundredths ; or \k cents. 



26 

j^ 40— 6 

1,26 
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•|2,60 



11 



•122,00 



What is the interest on $80, for 6 
months and 15 days ? 15 days being 
i of a month, the time is 6i, or -^Z- 
months. Hence the statement. 

What is the interest on $1200, for 

8 months and 20 days ? Twenty 

day- are I e<r»l tot of a month. 

hence the time 3}, or -y- months. In these 
instances, the denominators are placed on the 
left with the 2 months. 

What is the interest on $1000, for 1 1 

months and 12 days ? Twelve days 

are ^|, equal to | of a month: the 

time, consequently, is 11|, or ^-J- 

Here, 5 times 2 on the left, equal 10, 



^ 
^ 



1000 
67 



$167,00 

months. 

0t cmhei* on the right. The answer is $57,00. 
What is the interest on $1500, for three 
years, 8 months and 25 days ? Three years 
and 8 months make 44 months : and 25 days 
are f of a month, which makes the time 44|.. 
months. This reduced to ah improper fraction^ 
in A »A months : thus. 






269 



Twice six on the left, are 12, 

which goes into 1500, one hun^ 

dred and twenty iBve times : and 

•1336,26 269 X 125= $336,25, the answer. 

What is the interest on 80 dollars, for 4 

years, 10 months and days ? 
Four years and 10 months, 
make 58 months, and 9 days 
make ^V ^^ ^ month, which 
are 58 /^j oq^^ to -^yV- months. 

In cases where the time is an even number 
of years, it is only necessary to multiply 
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iog6th«r prihoi|)al, tiine mid rate, and ciit off 2 
€»r 4 figure for centis, as indicated by tiie do^ 
nomintttioa of tfate priacqpai. 



SUMMARY OP DIRECTIONS. 

Wh^ ike Time & b ats, ]SI&3^ itA« PrtncfKi/ and 
THme on the rights and 6 on the left. If t^ 
Principal is- dollars, the answer is mills; here^ 
cui(^ ofie f^te id iMe r^ht, fdr rfi^, and ttvo 
more for cents : if the Principal is cents^ the an- 
swer is ^uniSdndths 6f cents; here, cut off ofne 
figure fdr thousandths, ttvo for hundj^edffis, and 
two more for cents. Or, cut dff ofie figUre at tkt 
Hght in either case, dfid the ansfver will he delitS, 
or hundredths, according to th^e dehomtnatioh of 
the principal. 

When the Time is months, place Principal 
dsnd Time on the right, and 2 on the left, tf 
the Principal is dcHars, the answer is cents ; if 
cemts, the answer is hundredths of cents. 

When the Time is years, place PAncipcd^ 
Time and Hate on the right, arid multiply contin- 
uously. The answer is cents or hundredtlis, ac^ 
cerding to the denomination of the principal. 

When the Time is years mvd numths, or years^ 
months and days, reduce the years to months, ana 
add all the given months: tiien reduce the days to 
the fractional part of "a mmth^ if practic(Mej^ 
<mfidx this fraction to the months : reduce all t9 
m improper fraction, and place the numerator 
on the right, and denominator on tlie left. 
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J^ the dm^ cannot he reduced to the fractionai 
part of a months reduce the whole timely eare^ 
months, and days, or months and days^ to days^ 
and divide by 6, as in other cases. 

When the principal is a mixed number, reduce 
it to an improper fraction, and place the numera- 
tor on the right, and denominator on the left: Or, 
eay)ress the fraction in decimals, and cut off as 
many figures on the right of the answer for deci-- 
mals, as indicated by the number of decimals in the 
prvneipcd, 

INTEBBST AT SEVEN AlO) EIGHT PER CENT. 

The first method given in this book for reck- 
oning at any rate per cent., is quite applica- 
ble to 7 and 8 per cent. Yet we may use 
a method which requires fewer figures, in con- 
nection with the 6 per cent, method just noticed. 

In states where the rate of interest is 7 and 
8 per cent., it will be found very convenient to 
ascertain the interest first at 6 per cent., by 
the short rule given, and then add \ more for 
7 per cent., or i for 8 per cent. One per cent, 
is the i^ of 6 per cent.: hence we may divide 
the interest at 6 per cent, by 6, and thus get |, 
which will be added to the former interest. 
So two per cent, over 6, making 8, is \ of 6: 
hence the interest at 6 may be divided by 3, 
and the quotient added to the former interest. 

When the rate is 12 per cent., instead of di- 
viding by 6 as in 6 per cent, calculations, 3 
only may be placed on the left of the line, and 
the answer divided ofi* as in 6 per cent, calcn- 
laticms;; because at this rate per cent, one deH^ 
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8-H< 


350 
1^0-8 


3 


28000 


6 


9,33,3 
1.55,54 



$J10,88,8J 



lor in three day9 gives one mill interest, A few 
examples are given for illustration. 

What is the interest on $350 for 160 days at 
7 per cent.? We work as in 6 percent.; thos, 

rlacing 6 on the left, at 6 per 
cent, the answer would be 
$9,33| cents. We now place 6 
at the left of this answer, which 
is equivalent to multiplying the 
answer by |, not using the nu- 
merator on the right, and divide 
the first answer, setting the quo- 
tient beneath. This added gives for the an- 
swer, $10,88 cents and 8i mills. 

Again : What is the interest on $20 for 8 
months at 7 per cent.? 

Here, 2 is used on the left, the time 
being months, and the answer 80 cents 
is obtained. One-sixth or 13i added 
gives 93i cents. One advantage in 
this method is that the numbers to be 
divided by, on the left, are never 
large, and the fraction lost by the last division, 
is of no practical importance. 

What is the interest on $307,20 for 40 days 

^ ^0;f ,i0— 662 
40 



6 



20 
?f-4 



80 
,931 



at 7 per cent.? 

The answer in this instance 
is jS3 and nearly 9 cents. 



6 



$ 



264800 
441331 



3,08,93,3^ 



What is the interest on $180 for 871 days at 
8 per cent? 



S8 
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6 
3 



371 




In this example, after finding the 
interest at 6 per cent., it is divided 
by 9, which is equivalent to multi- 
plying by iy and the quotient is ad- 
ded, making 14 dollars and 84 cents. 



14,84,0 

Again : What is the interest on $899 for 30 
days at 8 per cent.? 



%-4 



% 




1,77.3^ 



The answer is one doUar, W 
cents, and Si milla. 



What is the interest on $487,^ for 4 months 
at 8 per cent.? 

487.20 

The time being months, we di- 
vide firdt by 2, and afterward, the 
answer thus obtained by 8. 

12,99,20 

What is the interest on $1500 for 211 days 
at 12 per cent.? 
li^QQ 5 I We here divide by 3 only, be- 



?97440 
^ 32480 






211 



cause, as said above, 1 dollar in 3 
days at 12 per cent, gives 1 mill in- 
terest. Hence, one figure is cut 



105,60,0 

ofi* in the answer for mills. 
When the time is months and the rate 12 

Eer cent., the principal and time may simply 
^ multiplied together; because 1 AMar in I 
month at 12 per cefit.y gives I cent interest. Hence 
nothing more is necessary than multiplication, 
as 1 placed on the left of the line could serve 



iiAfES OF rstssx^/ S9 

no other purpose than to show the nature of 
the statement by proportion. 

What is the interest on $873 for 7 months 
at 12 per cent.? 



The answer is in this, as in all oflier 
cases of months, obtained in cents, 61 
dollars and 11 cents. 



873 

_7 



nniECTioNs f o& seven, eight, and twelve PEa 

CENTUM. 

State as th cases <f 6 per cent,: ^ the rate is 
7 per cent., divide me answer ty 6, and add the 
quotient: if the rate is 8 per cent^^dhnde the an" 
svoer hy 3, and add the qtiotient. 

If the rate is H per cenUy and the time days^ 
fiace principcU afid time &n the right and 3 on the 
left: cut m o^ne figure at the right, aitd the an-^ 
swer imll he cents or hundredths €f cents. 

When the time is in months, fhnttiply princqutd 
and time together, and the answer wiu be m eent$ 
or hundredth cf cents. 

When the time is years, multiply principal^ 
time, and rate together; and the answer wiu be 
eents^, or hnndreddis of cen^, 

EATE AND Tt>%FErrtrSE TABLE. 

Eki^B or nrrnMrt fegalized ih the levteral stt^ nf tm milon, tad in 
ftnign eonntries, wi^ the pkxaltibb ibr U817ET> 

Statu. RATBs.f Pbxaltiu roE UausT. 

Maine, 6 per cent. Forfeit of entire debt. 

New Hampthire, 6 '' <* Three time* the usury. 

Vermont, 6 ** ^ Urary recoverable with coita. 

Maisachvietts, 6 " ** Three timet die nsnry fiirlbited. 

* On all dues to the United States, 6 per cent, it charged, even where the 
iUites legalize higher rates. 

tif the rate is not mentioned in the note, interest may be coUeotedat Oe 
rate established by the law s of the state in which the transaction Occnrii. 
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RATS AND FORfXITURB TABLB. 



States. 

R. Island, 

Coiuie«tie«t, 

New York, 

New Jersey, 

PenMylysaiSt 

Delaware, 

Maryland, 

Vtrginia, 

North Carolina, 

South Carolina, 

Georgia, 

Alabama, 

MiMini{^i, 

Loniriana, 

.Tennessee, 

Kentucky, 

Ohio, 

Indiana, 

Illinois, 

MiMouriy 

Michigan, 

Arkansas, 

Florida, 

Wiicousin, 

Iowa, 

Texas, 

Dist. Cohunbia, 

England, 

Fnmce, 

Ireland, 

Canada, 

Nova Scotia, 

W. Indies, 

Constantinople, 



« 
(I 



Ratu. 

6 per cent. 

5 ** « 

7 «* 

6 «« 

6 

6 

6 

6 

6 " 

7 " 

8 «' 
8 " 
8 '* 

5 » 

6 " 

6 " 

6 « 
tt 

ft 



Pbmaltixs for Uiuet. 

Forfeit of interest and usury. 
ForftBit of entira debt. 



6 
6 

6 « 

7 «' 
6 " 

8 " 
« 

(I 



7 
7 
10 « 

6 «« 

(( 

« 
« 
« 



5 
6 
6 
6 
6 
8 « 
30 « 



(( 
(I 
<« 

M 
« 

« 
(( 
M 
Ct 
« 

« 

(C 
« 
« 
(t 
M 
«< 
« 
« 
U 
ft 
M 
(( 
« 
M 
(( 
(« 
(f 
(« 



<( 
« 



« 
M 



<« 
« 
« 



« 
« 
« 



(1) 



(( « « « 

Bueh eontraets void. 
Forfeit twice the usury. 



«( 



M 



« 



(S) 
(3) 



(«) 

(7) 
(8) 



Forftit interest, usury, and costs. 
Forfeit three times the usury. 
Forfeit usury and interest. 
Forfeit of usury and costs. 
All such void. 

M « M 

Costs and usury recorerable. 

AH such Toid. 

Forfeit of twice the usury. 

Forfeit interest and three times usury 

Forfeit interest and usury. 

Forfeit one-fourth debt and usury 

Whole usury fiirfeited. 

Forfeit interest and usury. 

Forfeit three times usury. 



(( 



« 



u 



« 



All such void. 



« « 



« 



Forfeit three times the debt. 



MAKING AND TRANSFERRING NOTES. 

In closing the article on interest, it may be well to give a few practical 
directions on makinr and transferring notes. Much litigation arises fron, 
inattention to the following requirements of law : 

1. A promissory note is an instrument of writing in which the promisor 
or maker pledges the payment of money or property to a second person, 
at or before a specified time, in consideration of equivalent value received. 

S. The sum of monev or property for which the promisor gives the note, 
is called the " face of tne note," and after being expressed in figures at the 
beginning of the note, should be Mrritten in words in the body of the same 

3. The words ** value received " should always be found in the body of 

(1) Contracts in tobacco may be as hig^ as 8 per cent. 

(2) By contract as hifh as 10 per cent. 

(3) By agreement as nigh as 10; bank interests per cent. 

(4) By agreement as high as 13. 

(5) By agreement as high as 10. 
(fi) Any rate not above 10 per cent. 

(7) By contract as hi^ as 12. 

(8) By agreement as high as IS per cent. 
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a note, as the lawi raqatre that money sball be paid onlylbr a "eon* 
lideration " or equivalent. Witbont this, notes are said to be inralid o( 
worthless. 

4. The individnal who makes the note is called the drawer or giver ; the 
person to whom it is given is called the payee ; and the person who has it 
in legal possession, is called the holder. 

5. The payee of a note may sell or transfer it to a third penon, if it bo 
written payable " to order," or " to bearer ;" and this third person or bolder 
mav sue and collect as if he had been the original payee. Bnch a note ii 
called negotiable, beoanse it can be traded by the payee, and made paya* 
ble to snd) person as he may order. 

6. The law requires the holder of a negotiable note to indorse it, or write 
his name on the back, if he wish to seD it : provided that snch note bo 
uansferable, or " payable to order.*' If the holder is nnaMe to collect the 
note of the drawer, then the indorser is responsible, and can be made to 
pay it. The holder of a note which is made payable *' to bearer,** eaa 
transfer without indorsing it ; and is, in this event, not liable for it. In the 
transfer of snch notes there is said to be no recourse. Thus, if a bank- 
note is not indorsed by the individual who pays it, he is no longer liable to 
lose it, if it prove worthless. 

7. A note made payable to a particular individual without the words 
payable « to order,*' or " to bearer," cannot be negotiated or traded to an- 
other; nor can another individual, except in the name of the payee, col- 
leotit. 

8. A note specifying no time for payment, must be paid on demand. 
Snch are generally called " due-bills.'* 

0. Conventional nsa< e, and in some instances law, has established, that 
a note shall not be collected until three days after it is due ; and interest 
is calculated on these three days, as on the rest of the time. A note be- 
coming due on Sunday, with these three davs included, should be paid on 
Saturday. Three days thus given, is to allow for all exigencies ; and are 
called " days of grace," because they are given gratuitoosly. Grace means 
(ift. 

10. Maturity of a note is the time q>ecified for its payment. If a note 
is not paid at maturity that has been transferred, the holder must legally 
notify the indorser of the fact, or the indorser is released from his liability. 

11. Interest cannot be charged on a note paid at maturity, without it 
has been specified ; the words, ** with interest," being inserted. But 
when a note not containing these words, is not paid until after maturity, 
the rate of interest legal in the state can be charged from maturity. 

18. Notes bearing int<9rest without the rate being inserted, bear the legal 
interest of the state in which dravm. Any aereement for a rate of inter- 
est less than the legal interest, must be specified, or legal interest can be 
coUected. 

13. Notes for any commodity of merchandise cannot be negotiated ; and 
if payment is not made at the time specified, the holder may recover the 
amonnt in money. In anofa cases the three days grace are not aOowed. 

14. When two or more penons give a note conjoisdy, the payee or 
holder may collect it of either or any of them. 

• ' Patmbmt ok NoTsa.— >To oomuMe fntereat on notes, we asnst ascertain 
Ihofiat wMek oia^oa b«tweeft the peti«d when ialerest oommeMos, and 
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^l«t 9B. wtdch 4tip ^^qaent U made, bj lubUftcting the former lirom the lat;, 
ier date/ which is done thn>: 

"What is the interest on a note for $500, dated May 20, 1843, and paid 
January 19, 1845 ? 

After •mof^ng the former tlm« nader 
the* latter thns, if the nnmber of day* im. 
the lower line is lai^r than that in the 
npp«r, 30 days must be added to the upper 
line, and the subtraction made from the 
whole number above^ and the remainder 
set under the days. One is carried to the 
lower line of months. If this nnmber of 
months is la^r than that above, 13 must be added above and the subtrae* 
Hon coBtinuea as before. It will be observed here, that the months are 
placed down accwdinj; to the order they occupy in the year. May is tlia 
5th moathj hence we use 5 a« the number ; so is 1 used tor jannnry, it be- 
ing the first month. 



yrs. mos. days, 

1846 " 1 " 19 
1843 '' 5 " 2 

Time, 1 " 7 " 29^ 



PABTIAL PAYMENTS. 

Below, we give the Ohio rule fur casting the 
interest on partial payments, which is the 
method used in Indiana, Kentucky, and moat 
of the states of the union. 

The rule, and the calculation to illustrate 
its application, are extracted from Swanks 
Treatise, 

" The Ohio rule for calculating partial pay- 
ments, is as follows : Where payments exceed- 
ing the interest are made after the debt is due : 
In such case interest should be calculated on 
the debt up to the time of payment, and the 
principal and interest then added together, 
and the payment subtracted from the total. 
Subsequent interest should be computed on 
the balance of principal thus found to be due. 

" Where the payment is less than the inter- 
est due, the surplus of interest must not be 
added to the principal ; but interest continues 
on the former principal, the same as if no 

* Xhe day <m wklfk » note i« 4«|ad« and that oa ifbioh it be««aM4 dn«, 
•hoidl4 not bot^ be reckiHiMt T^. famk k «Mfaid«d MMVg tewioMl jnflb 



payment had been made, until the period 
when the payments 9d4ed together, exceed the 
interest due ; and then the surplus of pay- 
ments is to be applied towards discharging the 
interest. For instance, upon a npte for $100» 
payable in one year with interest, if a pay- 
ment of 10 dollara is. made at the end of two 
ye^gi, and 10 dollars at thjB en/d of four years, 
and 19 dollars at the expiration of six years ; 
here interest on the whole amount of the note 
should be calculated up to the tim^ of thc) 
payment of the 19 dollars, and then the sevw- 
al payments should be added together, and 
deducted from the amount of all the principal 
and interest; the balance would be the amount^ 
due, and upon which interest should be after- 
wards computed. 

The following calculations will illustrate 
the rule in the text: — A., by his note, dated 
Jan. 1st, 1840, promisjes to pay to B. lOOO dol- 
lars, in 6 months from date^ with interest from 
the date. On this note are the following en- 
dorsements: Received, April 1, 1840, 24 dol- 
lars; Aug. 1, 1840, 4 dollars; Dec. 1, 1840, 6 
dollars; Feb. 1, 1841,60 dollars; Julyl, 1841, 
40 dollars; June 1, 1844,300 dollars; Sept. 1, 
1844, 12 dollars ; J^n. 1, lS4d, 15 dollars ; Oct. 
1, 1845, 50 dollars; and the judginent is to be. 
entered Dec. 1, 1850. 
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CALCULATION. 

The prindpal som canying interest from January 1, 

1840, $1000 00 
Intereflt to April 1, 1840, 3 months, 15 00 

Amoont, 1015 00 
Paid April 1, 1840, a som exceeding the interest, 34 00 

Remainder for a new principal, 991 00 

Interest on $991 firom Apnl 1» 1840, to Febroaiy 1, 

1841, 10 months, 49 55 

Amount, l040 55 
Paid August 1, 1840, a sum less than the in- 
terest due, $4 00 
Paid December 1, 1840, do. do. 6 00 
Paid February 1, 1841, do. greater do. 60 00 

"^Q ^ 

Remainder for a new principal, 970 55 
Interest on $970 55 from February 1, 1841, to July 1, 

1841, 5 months, 24 26 

Amount, 994 81 
Paid July 1, 1841, a sum exceeding the interest, 40 00 

Remainder for a new principal, 954 81 

Interest on $954 81 from July 1, 1841, to June 1, 

1844, 3 years 11 months, 167 00 

Amount, 1121 81 
Paid June 1, 1844, a sum exceeding the interest, 300 00 

Remainder for new principal, 821 81 

Interest on $821 81 from June 1, 1844, to October 1, 

1 845, 1 year and 4 months, 65 75 

Amount, "887 56 

Paid September 1, 1844, a sum less than the in- 
terest due, $12 00 

Paid Januaxy 1, 1845, do. do. 15 00 

Paid October 1, 1845, do. greater, with the two 
last payments, than the interest then due, 50 00 

Remainder for new principal, 810 56 

Interest on $810 56, from October 1, 1845, to Decem- 
ber 1, 1850, the time when judgment is to be en- 
tered, 5 years and 2 months, 251 30 

Judgment rendered Sx the amount, $1061 86 
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Th« ft^lowing is the rale of the Sapreme Court of the 
United States, as given by Chancellor Kent, Johnson's Chan- 
cery Reports, yol. 1st, page 17; and is adopted by most of the 
States of the Union, among which are Massachusetts and 
New York: 

SUfKBME COUBT RULE. 

I. " The rtde for castinp interest, when partial pay- 
ments have been made, is to apply the payment, in the 
first place, to the discharge of the interest then due. 

n. " If the payment exceeds the tntereat, the surplus 
goes toward discharging the principal ; and the subss' 
guent interest is to be computed on the balance of the 
principal remaining due. 

III. " If the payment be less than the interest, the 

surplus of interest must not be taken to augment the 

principal ; but interest continues en the former principal 

until the period when the payments, taken together, exceed 

the interest due, and then the surplus is to be applied 

toward discharging the principal ; and interest is to be 

computed on the balance as aforesaid,** 

A. gttre to B. his note for 12,000 dollars; at the expiration 
of three months he paid 2,000 dollars ; in three months more 
0,000, and at the expiration of three months more, 3,000 dol- 
lars: what did he pay to B. when the note was taken up at 
the dose of the year, the note being made on the 1st day of 
January ? We reekon these payments by the Sapreme Court 
Rule. 

Principal $12,000 

Interest on the whole for three months - - ,180 

Amount of principal and interest 12,180 

First payment to be deducted ------- 2,000 

Balance due after first payment 10,180 

Interest from 1st to 2d payment, 3 months - ,152.70 

Amount to be reduced by 2d payment - - - 10,332.70 
Second payment to be deducted ------ 6,000. 

Balance due after 2d payment 4,332.70 

Interest from 2d to 3d payment, 3 months 64.99,05 

Amount to be reduced by 3d payment - - - 4,397 .(S9.05 
Third payment to be deducted - - - - ? r 3,000. 

Balance due after 3d payment ------- 1,397.69.05 

Int. from 3d pay't till settlement, 3 months ' 20.96.53.57 j 

Balance due on settlement ------- - 1,418.65.58.57^ 

4 
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Th» following k called the Commercial Rule, aad I0 adapted 
by Vermont: 

COMMERCIAL OR VERMONT RULE. 

Find the amount of the whole cU^ tmtil ike time of 

settlement ; then fmd the amount qf ectch payment from 

the time of payment until the time qf settlement; add 

these, and subtract the sum from the former amount : 

the remainder wUl he the sum due* 

For all payments made within one year> this rule is iden- 
tical with thiat of Connecticut, which follows : 

CONNECTICUT RULE. 

I. '' Compute the interest on the prvndpeH to the Hme 
^ due first payment; if thai be one year or more from 
5he time the interest commenced, add it to ike prindpaif 
and dedu^ct the payment from the sium toted. If dure he 
after payments made, compute the interest on die balance 
dm to the next payment, and then deduct the payment 
eis above; and in like manner from one payment ^ 
another, until aU the p€eyments are absovhed; provided 
the time between one payment and another he one year 
or more 

II. ^^If any payments be made before one yearns 
interest has accrued^ then compute the interest on the 
prindpdt swn dtie on the obligation, for one year, add it 
to the principal, and compute the interest on the sum 
paid, from the time it was paid up to the end qf the 
year; add it to the sum paid, and deduct t/uU s^m frmn 
the principal and interest added as above, 

III. " -5^ a year extends beyond the time ofpayment,i 
then find the amount qf the principal remaining wnpaitd 
up to the time of settlement, likewise the amwunt cf tis 
indorsements from the time they were paid to the time ef 
setdement, arid deduct the sum of these several amount 
from the amount of the principal. 

*' If any payments be made of a sum less than the 
interest arisen at the time of such payment, no interest is 
to be compzded, but only on tlie principal sum for any 
period.'* Kibby's Kbports. 
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IgQorasice of di^ correct method of calcnlft^ 
ting interest on partial payments, is the cause 
of much litigation. Hence, it behoves men 
to remember, that interest shotild be reckoned 
till Ihe time of the first payment, and added 
to the principal, and the payment deducted ; 
provided the payment is greater than the in- 
terest that has accrued. But if the interest is 
greater than the payment, the payment must 
be set aside, and the interest reckoned to 
another payment ; or continuously from one 
payment to another, till the sum of the pay- 
ments shall exceed the sum of the interest 
accrued. Then the several sums of interest 
should be added to the principal, and the sum 
of the several payments deducted. The re- 
mainder will be a new principal on which in- 
terest runs till the next current payment, or 
till the debt is paid, or judgment rendered. 
This method will stand in the courts^ of the 
great mcyority of the States in the Union. 



RATIO AND PROPORTION. 

That the principles of subsrequent statements 
may be understood, we introduce a few re- 
marks on Ratio and Proportion. The princi- 
ples and various ramifications of this subdi- 
vision of numbers, could not be well developed 
and elucidated^ in less space than is occupied 
by this entire volume. Hencc^ we attempt 
only its outline. 

Ratio u the relation that exists between different 
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qiUtntiUes and Tmmbers of similar things; and is 
always expressed by an abstract number. Ten 
apples are twice as many as five apples : hence, 
the ratio or relation is 2. We have here two 
different numbers of the same object : but it 
could not be said that, ten apples were twice 
as many as five biscuits ; because there is no 
relation between one apple and one biscuit : 
neither can one be said to be larger than the 
other. Again, 15 yards of cloth are five times 
as many as 3 yards of cloth : here the ratio is 5. 
Twenty gallons of melasses are 4 times as 
many as 5 gallons : but 20 gallons of melasses 
are not 4 times as many as 5 gallons of rum. 
Six bushels wheat are one fifth times as 
many as 30 bushels : that is, the ratio is ^. 
Hence, the fact assumed in the outset is proven, 
that Ratio is the relation between similar things. 
Two ratios make a proportion ; that is, as 
many times greater or less as a second thing is 
than ikefirstyao many times greater or less is a 
fourth than the thii^d. These relations are 
ascertained, by first ascertaining the ratio that 
exists between the two numbers or quantities 
in the proposition, which are alike. For in- 
stance : If 4 yards of cloth cost $5, what 
will 12 yards of cloth cost? Here the ratio 
between the 4 and 12 yards must be obtained 
first. This is. done by using a vertical line, 
which is considered the fulcrum of a scale or 
balance, thus, 
. The 12 yards are placed on the right, 

J and t}\fi 4 yards opposite^ on the left. 
' Hence, as in the two ends of the scale, 
we compare their value. Four is contained 
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in 12 three times : hence, the ratio is 3. Now, 
the four yards on the left, are equal in value 
to 5 dollars; which to balance the 4 yards, 
must be placed, likewise, last on the right. 
The ratio being an abstract number, and being 
on the right with the dollars, may be multiplied 
into the dollars : hence, 3 times $5 are 15 
dollars ; not 15 bushels, or 15 of any thing else, 
except the denomination into which the ab- 
stract ratio is multiplied. 

From this, the philosophy of the statement 
seems to require, that the price or denomina- 
tion of the answer, be placed last, on the right, 
where it can be multipUed by the ratio between 
the two quantities above, and increased or 
decreased accordingly, as the ratio is an integer 
or fraction. From this, too, to keep up the 
theory of equilibrium, that which in value or 
extent, equals the price or name of answer, 
must be placed opposite, or on the left : then the 
number which is to be compared with this 
supposed quantity on the left, must be placed 
on the right, directly opposite the term on the 
left, for &e purpose of ascertaining the ratio. 
When stated thus, it is not essential that the 
ratio be actually obtained, by dividing one upper 
term into the other; for the position indicates 
the ratio, and the numbers may be canceled by 
using one of the numbers with either of the 
other two. 

In applying this statement to questions in 
Profit and Loss, the conditions of the question 
must be strictly noticed r cost price, compared 
with cost price; par per cent., with par per 
cent.; reduced with reduced, and advanced 
3 
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\inith advanced per centum. By this means, 
and the directions following, the statements 
made in Profit and Loss, become rational and 
easy. 

In questions where any of the terms are 
friu^tional, or mixed numbers, such mixed num^ 
bers may be reduced to improper fractions, 
and their numerators Iqcated in such position 
on the line, as otherwise the whole number 
would occupy ; with all respective denomina- 
tors opposite. 

If 7i yards cloth are worth $2Q, what vrill 
18| y€urds come to ? The term of demand, or 
which is connected with the demand, is 18| 
yards. This must be placed on the right of the 
line first> in the form of y . The numerator 
75 will consequently occupy the right, thus, 






2 



The 7i belongs to the left, and 
being made y , we place the nume- 
rator 15 on the left : now the term 
in yrhich the answer is required, 
• l^ $20, is placed last on the right ; so 

that being multiplied by the ratio between the 
two quantities above, it will be made more or 
less. The question has now lost its fractional 
form; and being easily stated, can be wore 
easily wrought. Thus, if the terms were such 
that they could not be canceled, they might be 
multiplied on each side ; and the right divided 
by the left, with very little trouble. 

If i of 6 yards cost $3, what will i of 20 
yards cost ? Here, i of 20 is the demand, and 
is placed on the right, by its numerators, } 
and 20 : i of 6 is the supposition of the same 
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name, aad ia placed opposite, by its numerators : 
the price, $3,18 placed last on the right; tha*^ 



Thiii may be proven by saying, 
if i of 20 cost 7i, what will i of 6 
cost? i of 6 ia the demand ; i of 
SO the same name, and $7^ the 
term of answer, all of which are 
located accordingly,^ by their nn- i . 
laeratora; thus, 9 



1 

2^ 



1 
3 



The result is three dollars, and the 
question is proven. 



7* 
3 



1 6 



20 



_2|15 

% 

This department of numbers is called ^tihue 
rule of three/' because three terms are given 
and need in a statement to find a fourth. 
When this fourth term is ascertained, the pro* 
position is complete ; so, also, is the proportion. 

The rale of three having three terms given 
to find a fourth^ we eonclude that, two of l2ie8e 
being either meatis or exiremesy we may divide 
either couplet by the remaining mean or ex* 
treme^ and find such mean or extreme as con* 
•titntes the fourth term. 

Itisd doctrine in proportion^ tbai the prodwet 
of the two means eqtkfds ike ptvduct of the iico ez^ 
tremes. If this b true, it is evident that the 
product of either tihe means or extremes, is 
the result of the multiplication of the two 
terms together as factors. 

Suppose the extremes foe multipliediiaiid the 
product divided by one of the means ; it ia evi- 
dent that the other mean will be obtained, and 



62 EAUTET'S QfPKOVED ABACUS. 

that if it be multiplied with the first mean, their 
product will equal that of the extremes. Or, 
if the product of the means be divided by one 
of the extremes, the other extreme >will be ob- 
tained, which multiplied with the given ex- 
treme will yield a product equal to that of the 
means. 

In the proportion 2 : 4 : : 8 : 16 (two to four 
as eight to sixteen), we multiply 8 by 4, mak- 
ing 32 ; this divided by 2, one of the extremes, 
gives 16, the other extreme: or, divided by 16, 
gives the extreme 2. If, again, the two ex- 
tremes, 2 and 16, be multiplied, and the pro- 
duct, 32, divided by 4, one of the means, the 
other mean, 8, is obtained: or, if this product' 
be divided by 8, the other mean, 4, is obtained. 
This law will be found necessary in the expla- 
nation of Compound Proportion, by cause and 
effect. 

It will require care and attention in the 
learner to distinguish the demand at times, 
the language of questions being frequently so 
transposed as to present seemingly new issues 
to those not acquainted with, or accustomed 
to, analyzing questions before stating them. 

The general nature of every question must 
be understood before much can be done by 
any process of solution. And this is the only 
service that analysis can render, the dvxndation 
of the general bearings of the proUem. 
. We have always been opposed to the me- 
chanical routine by which persons have gone 
on from«ne question to another, and wrought 
some, merely because others were wrought so. 
So long as this method of solving questions 
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by a rulej whose principles may at first hare 
been understood, is practiced among those 
seeking a first knowledge of the science, we 
may not look for such a knowledge of the sub- 
ject as will enable them to apply the princi- 
ples to the great every-day transactions of 
life. 

We shall now solve a variety of problems 
and prove them; that after the path is pointed 
out, the pupU may puraue it wit& Bome degree 
of pleasure. 

If 10 yards of cloth cost $16, what will 15 
yards cost? 






e 



24 



The demand, 15 yards, is placed 
on the right, and the term of the 
same name, 10 yards, opposite; 
while the price, 16 dollars, is 
placed last on the right, where it can through 
multiplication, be increased by the ratio of the 
two numbers of yards. We use the* factor 5 
into 10 and 15. The answer is 24 dollars. 

We prove this by saying, if 15 yards cost 
24 dollars, what will 10 cost? 



Thus it is proven that 10 
yards cost the 16 dollars assumed 
in the outset. 



^-^p 

i 






16 



We may now state yet difiereutly, and say, 
if $16 buy 10 yards, how many yards will 
$24 buy ? thus. 



^/t^ 



10-5 



Here 24 dollars become the 
demand, and 16 the same name; 
while 10 yards is the denomina- 
tion of answer, and is conse- ^^ ^^ 
quently placed on the right. The ratio is ob- 
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10 ! 15 



• • 



16 
15 

80 
16^ 

10)240 



X 



lained between the doUara, and multiplied into 
the 10 yards, increaeing them to 15 yards. 

1^-^ Agaiii: if $24 buy 1$ yards, 
-Q , how many will 16 buy? 

The first form of the question above would 
be started and solved thus by &e old me^thod : 
10 : 15 :; 16 : «, The #«cotu2 and tMri 
terms, 15 and 16» would be multiplied tc^ethei 
and then* product divided by the first; thus, 

£y this mode ^ pro- 
ceeding, the figures are 
accumulated to a lai^e 
number by first multiply* 
ing up, and then divicUng 
down again ; whereas both 
operations might be dis* 
pensed with) and the term 
of answ^ multiplied simply by the ratio he** 
tween the 10 and 15. 

It appears singular that any intelligent au- 
thor should teach that it was necessary in such 
a question as the one just wrought, tOi mul- 
tiply the 16 dollars by the 15 yards, which is 
within itself impossible ; for such an operation 
has no meaning. Fifteen yards times 16 dol- 
lam will make neither 240 yards nor 240 dol- 
lars. It may be urged that it is multiplying 
the dollars by the abstract terms of a fraction, 
which represents the ratio. This may be ad- 
mitted in the case of those prime numbers 
whose ratio cannot be reduced to a single ex- 
pression. Even then we w^ould prefer express- 
ing it by a positive fraction, in a fraction's 
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fbim, «r by (i mixed number, either of which 
would indicate how many timea the doliara, or 
ttther denomination of anawer, was to be 
taken. For when the other process is pursued, 
the whole idea of ratio between the numbef 
multiplied and divided by, is lost; and the 
pupil multiplier and divides just because the 
rule so teaches him. But tell him to get first 
the ratio between two numbers, or quanti- 
ties, and then to multiply the denomination in 
ivhich the answer is required, by it, thus in- 
creasing or decreasing it, and he understands 
what be is doing. He knows that if the ratio 
b^ larger than 1, he will have an answer as 
inuch larger than the last term as this ratio 
is greater; and if the ratio be smaller than 
^nity, his answer will be smaller than the 
terni, to be multiplied by such ratio. But that 
the second and third shall be multiplied to- 
gether to a product, but to be divided down 
again by the first, is an absurdity that in ita 
very form excludes the idea that we should 
keep constantly before us, that of ratio. It is 
not that the boy could not understand ratio, 
but that the mode of applying it had so little 
afi^nity to the principle, that when the appli- 
cation was commenced in multiplying and di- 
viding, he found himself in a new field with- 
out any discernable directions to his point of 
destination. Such absurd regulations give the 
young an idea that nothing can or must be at- 
^mpted beyond the comprehension of mere 
mechanical fand marks; while if he were told 
that he must get the ratio between the two 
numbers, and increase or decrease anothei by 
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it, Ae mist would flow from his eyes, and de« 
relop the scmlight of uncloaded truth. 

If 5 sheets of paper make 150 pages of a 
booh, how many sheets are required to make 
600 pages ? 



8-/1^0 



800 



26f 



It requires 26f sheets. 



¥P\ 



5 
3 



If 26} sheets make 800 pages, how many 
will 5 sheets make ? 

In this instance the demand 
is 5 sheets, and the same name 
26} sheets ; the latter is placed on 
the left after being reduced to 
150 pages, e^o. That is, the numerator is 
placed on the left, where the term of same 
name should go, and 3, the demominator on 
the right. Knowing that 26} sheets make 800 
copies, and that in the use of this 800 we must 
find how many five sheets will make, we place 
the 800 last on the right, that the answer may 
be in pages. 

If 240 feet of lumber cost dollars, how 
many feet can be purchased at 18) dollars? 
A fk 25 The two terms to be com- 

pared are dollars*.^ hence 18| 
dollars is the demand. The 
answer is the number of feet 
which this sum buys, 500 feet. 

If a chicken that cost 5 cents is sold for 8 
cents, what is the gain per 100 cents? 

x|40Q 2 I We know that 5 cents gains 8 

' ' cents, and inquire, what will 100 

cents or per centum gain? The an- 
swer is 60 per cent. 
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If a perpendicular wall 80 feet high cast a 
shadow at noon 60 feet wide, how wide a 
shadow will a perpendicolar church steeple 
cast, which is 240 feet high ? 

Here the terms to be compared ^0 
are not the wall and the steeple, 
which are both perpendicular, but 
the separate higkts of these two 
dissimilar objects. The answer is 



60 



180 

desired in 
width or extent; this is consequently placed 
last on the right, where it can be multiplied by 
the ratio between the different bights. An« 
Bwer, 180 feet wide. 

If a shadow 180 feet wide be cast by a 
steeple 240 feet high, how high must the 
steeple or other perpendicular object be that 
will cast a shadow 60 feet wide? 

Here the widths are com- >af — %^i^^ 
pared, and the answer is ob- ^0 — 8 

tained in hight. gQ 

How many gallons of oxygen will be neces- 
sary to make 720 gallons of water, if 9 gal- 
lons of water require 8 gallons of oxygen ? 

;^40— 8 
8 



f 



640 



We compare water with water. 
The answer is 640 gallons oxygen. 

If nine gallons of water require 1 gallon of 
hydrogen, how much hydrogen is required to 
make 720 gallons of water? 



The answer 
hydrogen. 



is 80 gallons of 



f 



WO— 8 
1 



80 



If after I see the flcuih of a cannon, I hear- 



58 



BAtNtBV'fi ttCPilOVED AlAG^fl. 



1 
8 

1760 



51H 



the report in 4 minutes, how far will it be dff, 
if sound flies at the rate of 1142 feet pet 
teqond ? 

240 Four minutes make 240 seeonds^ 

1142 which is the demand, while 1 se- 
1 cond is the same name, and 1149 

1 feet, the distance which sound flies 

in the one second, is the term of 
answer. We say, how manjr 
yards will these feet make, if 8 feet opposite 
make 1 yard : and, again how many miles 
will these yards make if 1760 yards opposite 
make one mile ? Thus three distinct propor- 
tions are combined in one, which produces no 
inconsiderable economy in the use of figures. 
If f of a pound of butter costs 4| cents, 
what will H pounds cost? 

The demand is placed on the 
right as |, the same name on the 
left as }, and the price last on right 
as V« It is seen that the numera- 
tor of the same name occupies the 
I^H lejft, and its denominator the right. 
None of the numbers in this question can be 
canceled; yet no sane man will dispute that 
the question is stated in much better form thaa 
by the old rules ; for here the pupil sees at a 
glance what terms must be multiplied togeth- 
er, and what divided by, from their very loca- 
tion on the two sides of the line ; which is not 
the case in the old method. Then, the state- 
ment being rational and easy, it is far prefer- 
able, though not a figure can be canceled. 

If 4i pounds of wool cost 30 cent.^, what 
will 18| ponnds come to? 



2 

2 

_4 

16 



3 
3 

19 



171 
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?-0 






125 



This example may easily be 
proven by using the answer, in 
making inquiry with regard to 
some other portion of the ques- 
tion. 

^' A hare starts 12 rods before a hunter, and 
scuds away at the rate of 10 miles an hour: 
410W, if the hunter does not change his place, 
how far will the hare get before him in 45 
seconds?" 

The demand is here 45 seconds, which we 
place on the right : now, that we may reduce 
the hours to seconds and use them on the left, 
we place opposite the 45, 60 seconds, which 
make a minute ; while the one minute is 
placed on the right last, as the denomination 
of answer. But that we may continue on, 
and reduce these minutes to hours, we place 
opposite this one minute 60 minutes, which 
make an hour^ and which is equivalent to 10 
miles running of the hare. As this 60 minutes 
equals the 10 miles running, we must place the 
latter last on the right; for we wish the an- 
swer in distance. Now, it is evident that if 
the question were wrought without going far- 
ther, the answer would be in miles; but wish-* 
ing it in rods, we place 1 mile opposite 10, and 
8 furlongs on the right, saying, how many fur- 
longs will all the miles on the right make, if 
1 mile makes 8 furlongs? We say again, 
how many rods will all of these furlongs 
make^ if 1 furlong opposite the 8, make 40 
rods; which being the term of answer, is 
placed last on the right; thus. 
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The 12 rods which the 
hare had in the start, added 
to this, makes the answer, 52 
rods. 



Again: <*If a dog by running 16 miles an 
hour gain on a hare 6 miles every hour, how 
long will it take him to overtake her, if she 
has 52 rods the start?" 

The demand is 52 rods, and 40 rods 
opposite equal 1 furlong, 8 furlongs 
equal 1 mile, 6 miles equal 60 minutes 
of running, and 1 minute equals 60 
seconds: hence the answer is 97i 
seconds. 

Again: "A hare starts 12 rods before a 
greyhound, but is not perceived by him until 
she has been up 45 seconds ; she scuds away 
at the rate of 10 miles an hour, and the dog 
after her at the rate of 16 miles an hour: 
what space will the dog run before he over- 
takes her?" 



40 


62 


8 


1 


6 


1 


1 


60 




60 




97i 



What will 97i or '|* seconds be, if 
60 seconds make 1 minute, and 60 
minutes equal 16 miles running of 
the dog, and 1 mile equal 8 furlongs, 
and 1 furlong equal 40 rods, the de- 
138| I nomination of the answer? The dog 
will run 138J rods 

These questions cannot be fully elucidated 
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16 

8 

40 
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in this little work, and are given merely to in- 
dicate the capabilities of this beautiful system 
of statement and solution. 

If f of a pound of rice feed 3 men, how 
o 

many will -^. pounds feed? 

We treat complex fractions in 
the statement as all others, plac- 
ing the demand on the right, same 
name on the left, etc. In the de- 
mand, the numerator of the nume- 
rator is placed on the right, and 
the numerator of the denominator 
on the left, with all respective de- 
nominators opposite their numerators. 

If j| of 2 yards of muslin be worth ^ 

yards of gold lace, how many yards of gold 

40 
lace will pay for — of 13 yards of muslin ? 

4 

12 

2 



30 



H 



Five times 3 equal 15; 3 into 
9 three times, and 3 times 2 equal 
6; 5 into 10 twice, and into 25 
five times. 4X4X2X2X12=768, 
which divided by 5 gives 153{ 
yards of gold lace for tihe answer. 



1i-P 



5-)4^ 






768 



153J 

AU such propositions as these, though not 
practical in their bearing, will, neverti^eless. 
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afibrd intiureartisigeiitertaioiQeiit to those study- 
ipg for the mere beauty of theory^ while it is 
believed that a sufficU^t aomber of examples 
have been given to meet all practical purposes. 
We aire aware that many atntbon consider 
the treatise of Proportion under two heads, as 
superfluous. It may be saperfluons when 
treated mechanically ; but when cause and ef- 
fect, as the bases c^ these principles, aire de- 
veloped, they induce the di^ioci on aata- 
ral, rational, and necessary grooods. 
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Mscerixxtn Jvrst the ttrm cf Jfeuuitid: 

Place the Demand ^rst <m the right: 

Place the term of the Same Name opposite the 
Demandy on the left : 

Place the term in which the answer is required, 
last on the rights and the aiuwer wiO be in the 
same denaminatiou. . 

In aU fractioTud terms y the Numerator must oc- 
cupy the side of the line ordinarily assigned to the 
integer. 



PROMT AND LOSS. 

Profit and Loss, as constituting a depart- 
ment of the Arithmetic, relate to the various 
gains and losses of general bosiness transac- 
(ioiis. They are reokoned in two ways : spe* 
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aficaUyi and at a certain per centum, A specific 
gaiUy is where any grofis quantity, at a given 
cost price, is sold at some other price, without 
reference to any regular sum of profit : as 30 

faUs. of wine, which cost $19, being sold at 
31,40; hence, the gain is $12,40, on the cost. 

Gain or loss per cent., is where a certain 
sum is gained on the hundred ; for instance, a 
bill of goods costs $50 ; but it is desired to sell 
it at 30 per cent, profit; consequently, it must 
be sold at $65; the 15 dollars gained, being a 
systematic profit. 

Some business men adopt a conscientious 
mode of trading, and are moiling to gain such 
a per cent, profit, as is just and reasonable ; 
while others, of less principle, and more exor* 
bitant in their exactions, make the ignorance, 
credulity, or necessity of the purchaser, their 
only st^idard ; and grasp any advantnge that 
circumstances may afibrd them. 

Some individuals calculate their profits and 
losses with reference to time; while others, 
and indeed the great mass of business men, 
regard only the simple transaction. That we 
should reckon with regard to the length of 
time occurring between the transactions of 
buying and selling, appears very reasona- 
ble, when we consider that, all capUal^ as a 
medium of gain^ has delegated to it^ all the 
prcdwctive capacities of active individual ^ort. 

The general and unavoidable expenses of 
every establishment, require the influx of a 
constant gain to preserve the capital stock 
entire. Hence, the capital stock that a man 
invests in business, must yield peripdicaUy, and 
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at short intervals, a sufficient amount of profit 
to sustain these. And if the capital, which 
may be the only gain producing element in a 
man's business, be permitted to lie during a 
long interval, between the purchase and sale, 
the profit on the sale when made, must be 
larger in a degree corresponding to the length 
of time thus invested ; or the deficit in meeting 
the expenses, must convert this seeming gain 
into a positive loss. 

Let us suppose money worth 10 per cent, at 
interest. The business man who has 2000 
dollars may easily lend it, and realize at the 
end of the year, 200 dollars profit. But he 
prefers investing it in goods, which he will sell 
at 10 per cent, profit. If the stock of goods 
be sold in 6 months, he may invest again, and 
sell again, in 6 months. Thus he would make 
400 dollars clear money. But suppose he sell 
hjs first stock at the end of the year, at the 10 
per cent, profit ; he will gain 200 dollars. Sup- 
pose, again, he seHs only half, it is manifest 
that "he gains only 100 dollars; or that, if he 
sell the whole in a year and a half, his gain 
will be 200 dollars in li years, or 6f per cent, 
per annum. 

Pl-ofit and Loss may be divided into five 
distinct varieties. They are. 

First: To find how an article must be sold 
to gain or lose a certain per centum ; or to find 
the sum of gain or loss, at a specified per 
centum. 

Second: To find the rate per cent., profit or 
loss, when an article is purchased at one price 
and sold at another. 



TTnird: To find the cost price, when an 
article has been sold at a certain per cent^ 
gain or loss. 

'Fourth: To find the rate pe^ cent., gain or 
loss, when an article, sold at a certain price, 
with a specified gain or loss, is advanced or 
reduced to yet another price. 

Fifth : To find the selling price of an article, 
whose cost price is afiected by commisi|^n, 
premium, discount, loss or drawback, gain or 
loss per cent., &c. 

All operations coming under any of these five 
heads in Profit and Loss, depend primarily on 
the principles of ratio and proportion. Ope- 
rations in specific profit and loss, depend on 
addition and subtraction, only. Per centum 
being the great acknowledged basis in the rule, 
everything is in a ratio, greater or Icbs than 
100. The arbitrary rules in all of the old 
books, on this subject, have tended to make 
this simple and beautiful department of Arith* 
metic, complex; and even, in many cases, 
unintelligible; whereas* when the relations 
and bearings of the proportional principles 
involved, are demonstrated, we see a harmony 
and system, a regularity and order, that no 
other portion of the science can excel. Calcu- 
lations in profit and loss are, however, of a 
more apparently abstract nature, that in the 
general calculations of ordinary business con- 
cerns. Hence, it becomes necessary, that we 
make nicer distinctions between the terms, and 
their specific names and qualities, than where 
material objects, such as yards, lbs., &c., are 
concerned. Here, we have to compare coat 
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^c# triA cost price, selling price -ftdth BelBng 
-pneey advanced Tvith advanced, and reduced 
with reduced price. And, too, these distinctioiM 
tate vital mod neceseary; lor they consti^te 
^apposition, demand, and term of answer. 
Some authors woric profit and loss by a system 
of decimals, which, although correct, yet ob- 
dcnres entirely the principles of ratio ; making 
Ater^tatementy as well as the work, depend on 
9k mechanical arrsmgement. 
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If a lb. of eoiffee co»t 10 cents, for how mnck 
mtist it be sold to gain 20 per cent.? We may 
remark here, that the cost price of an article 
is called the ";wr" price; par, as meaning the 
equal of something else, or the equal of the 
price. When, therefore, we say tide pjsr of per 
centum, we mean the 100, without imerease or 
decrease, as its own established rate indicates. 
When we say the par price of an article, we 
mean the cost. Thus par price, and par per 
centum, may be considered the same thing. 
When 100 is compared with any specific thing, 
as cents, in the above case, it loses its abstract, 
and assumes the denominate form of the 
specific thing with which compared. Heace, 
in the case above, we may say that the 100 
becomes 100 cents, because compared with 10 
cents. Now, the position assumed at first was, 
that per centum, or 100, gained 20, which, 
changed from this abstract form to the denom- 
fnate, is 100 cents giving 20 cents, or 100 cents 
being advanced to 120 cents; for, if 100 cents, 
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Of aitytiimg etee, gtdn 30^ they mucrt be ad- 
vanced to 120. 

Now, we know that 100 is the par, or cost, 
or first value of p^ centum ; but 120 is the 
advanced price or value of it. Ten, we know, 
likewise, is the price of the coffee. Now, our 
deuiaiid, 10 cents, cost price, is placed on the 
right; 100, or per cent., opposite, on tlie left; 
and 120, advanced price, last on the right ; co&* 
ceqaently, the answer would be in the advance 
or selling price of the coffee. Therefore, the 
ratio is obtained between the 10 tents and the 
100 e^its; and the selling price, 120, is multi- 
plied by it. The ratio is ^V J consequently, ^V 
of 120, or 12, is the selling price of the coffee. 

We may, instead of placing the | |i20 
advanced or selling price last on the I — rr^ 
right, place the gain of 100 there ; get ' 
the answer, in gain, and add it to the cost 
price. If 1 00 gain 20, what will 1 gain ? Wfe 
add this gain, 2, to the cost price, and ^uu xu 
have, as before, 12, selling price. The ^^ ^■ 
latter process, however, is ih> more per- — 
spicuous, while it is more tedious ti[ian 
the former. Hence, it is best to find l9ie sell- 
ing price, by placing the advanced or reduced 
Eer cent., last on the right. Let us now find 
ow we will sell this 1 lb. to hse 20 per cent. 
We know that if per cent, loses 20, it .^^^ ^^ 
will be reduced to. 80; so, if 100 cost, '^^'^ g§ 
be 80, selling price, what* will be the — --^ 
Belling price of 10, cost? ' ' 

Let us find the result, by the 2d process, as 
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before ; by ascertaining first, the loss, and then 
subtracting it from the 10. 

What will 10 lose, if 100 lose 20? 
We have 2 as before, which subtract- 
ed, leaves 8. 



One thing may be noticed very particularly, 
in the above ; that the sum of pnylt or loss en 
any given sum, <is the 1(^0 above, is the same. In 
this case 10 either gained, or lost 2. This leads 
us to remark, that a large sum will gain or lose 
more than a smaller. While 10 either gains 
or loses 2, 12 will gain or lose more than 2,: 
20 cents will gain or lose twice as much as 
10 cents, while 5 cents will gain or lose only 
one half as much. We make these remarks^ 
because there are some who may not €4>pre- 
hend the difference between the gains or losses 
on larger or smaller sums. Such think that 
if 20 per cent, gain will advance 10 to 12, as 
a matter of course, 20 per cent, loss will reduce 
12 to the 10. The difference consists in this, 
that 10 will gain 2, and advance to 12 : but 
12, losing more than 2, will be reduced to 9|-. 
It will be well for the pupil to bear this differ- 
ence in mind, as its importance will be seen 
in the calculations that follow. We might 
prove the foregoing questions, by asking the 
cost price, after knowing the advanced price, 
12 : but as this operation comes under variety 
3d, we will defer proof till we treat of that 
variety. It may be proven by variety 2d, by 
finding the rate per cent. From the foregoing 
we conclude, that, 

To find how an article must he sold to gain or 
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lose a given per cent, ; place the cost price on the 
rightyfor the demand: 100 en the leji,jfbr the same 
name ; and 100, increased by the gain per cent. 
added, or diminished by the loss per cent, subtract- 
ed, last on the right, for the term of answer. 

Purchased sugar at 5 cents per lb.: how must 
it be sold to gain 12^ per cent.? 
Here, 5 cents is the demand ; 100 the 
same name; and 112^, the name of 
answer. The latter is reduced, ma- 
king ^l'^, and is stated as above. 

Again : how must cloth that cost 
$7i per yard, be sold to lose 40 per 
cent.?^that is, what will $y be re- 
duced to, if $100 are reduced to 60 ? 

If a horse cost $50, how must he 
be sold to gain 50 per cent. ? Here, 
the demand is $50, 100 the same 
name, and 150, the term of answer. 
We find that 50 per cent, advances to $75 : 
or, that it gains $25. 

Let us see if selling another horse 
that cost $75, at 50 per cent, loss, 
will bring 75 back to 50. It is per- 
ceived here, as in a former question, 
that 50 per cent, loss on $75, brings 75 down 
to $37i ; for while 50, at 50 per cent., gains 
or loses 25, 75, at 50 per cent., gains or loses 
37i. This difference, and the reason for it, 
are too palpable to need further comment. 

If 8 yards of cloth cost $20, for how much 
must 200 yards be sold,,.to gain 20 per cent. ? 
Here, it is manifest that the statement is made, 
first by proportion, thus. 
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100 



200 
20 

500 
120 
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Thki being the cost of 200 yards, 
we go on and say, what will these 
$500 be advanced to, if 100, or per 
cent., be advanced to 120? The 
answer is 600. It is wholly unne- 
cessary to make two separate state- 
ments in this ease: for, knowing 
that the answer is involved in the fibrst state- 
ment, that is, that the number of dollars which 
the 200 yards would cost, could be fomid by 
working the question, we say, what will this 
supposed answer or sum, be yet farther ad- 
vanced to, as the demand, if 100 opposite, be 
made 120 ? thus. 






40 
•|600 



The $100, or per cent., placed 
on the left, is placed opposite the 
$20, which term represents the 
answer, and which is the demand. 

If J of 4 of a farm cost #1200, 
for how much must ^ of ^| of the 
same be sold, to gain 37i per 
cent.? The statement of the 
question made, by proportion, 
nothing more is necessary than 
to place 100 opposite dollars, or 
involved answer, and I37i, or 
^lA, on the right. 
I have 300 lbs. bacon, which cost 5 cents 
per pound : how must I sell the whole, to gain 
26 per cent. ? It is necessary in the first place, 
to find the cost o^ th^ whole bacon ; conse- 
quently, we say, if \ lb. cost 5 cents, what 
will 300 lbs. cost ? thus. 
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300 

5 

126 
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Then we say, what will all the cts. 
paying for the baeon, be advanced 
to, if 100 be advanced to 125? 

Bought ddO galls, oil, at 60 cents 
per gaUoB ; I lost 40 galls, and wish 
to know how I mnst sell the remainder to gain 
90 per cent, on the whole investment. What 
wiU 300 galls, cost if 1 gallon cost 60 cents ? 
Then we know that alter deducting 40 gallons 
loss, we have bat 160, which this sum of 
money, on the right, has paid for. Supposing 
this on the right to be the price of the 160 
galls., we say, what ^4dll one gallon cost on 
tiie right, if 160 oppocate, cost these cents! 
the result would be the advanced price at 
which 1 gallon of the 160 would be sold; 
so that the whole sale would bring the nioney 
first invested in the 200. 'We then say, what 
will this price be yet f€u>ther advanced to, if 
100, or per cent., opposite, be 190? We get 
the answer in the price of 1 gallon, at 30 per 
eent. profit, thus. 

In tile case above, all that is ne- 
cessary, is to suppose that the de- 
m«id does exist on the right ; for we 
know that this demand is but the 
residt of another proportion, preceding, which 
we could easily ascertain by making the sepa- 
rate statement. The demand, 1 gallon, is 
merely supposed; for it is wholly unnecessary 
to assign a place to a imit, which, so far as the 
Work is concerned, is useless. 
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SECOND VARI£TY. 

If I buy a lb. of butter for 10 cents, sudd sell 
it for 15 cents, what do I gain per cent. ? The 
demand here is, what will per centum, or 100 
gain, if 10 cents opposite, gain 5? The ques- 
tion is not what will 100 be advanced to, if 10 
be advanced to 15; but to know how much 
100 will gain. Stating accordingly, the answer 
will be the gain of 100, or the rate per cent, 
profit. It is supposed, not unfrequently, that 
the per cent, must be calculated on the selling 
price, which, in the case cited, would present 
this absurdity: if 15 cents gain nothing, what 
will 100 cents, or per cent., gain? We know 
that the gain has been effected by the use of 
the 10 cents; and if the 10 cents have gained 
5 others, certainly in the same ratio, 100, or 
per cent., which are 10 times as many, will 
gain 10 times as much as 5, which \» 50 per 
cent. We could find this rate per cent, profit 
in the following way ; if 10 be advanced to 
15, what will 100 be advanced to? In this 
case, the cost price, 10, is added to the gain, 5^ \ 
to make the advanced price ; therefore, the par 
per centum, 100, will be added to the gain of 
the 100, to make advanced per cent. Hence, 
the necessity, if the question be wrought thus, 
of subtracting. 100 from the ..answer. This 
mode of finding per cent, is, however, neither 
direct nor natural. Here, it is seen, that as we 
would subtract the par, 10, to leave the gain, 
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BO we would subtract par per cent, 
to leave the gain per cent. This is 
presented only for its theory, which 
will be found applicable in variety 
four&. Fifty per cent, answer. 
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We now revert to variety first, and knowing 
that the one lb. of cojQTee, which cost 10 cents, 
was,sold at 12, to gain 20 per cent., we will 
see if this is correct. When purchased at 10 
and sold at 12, the gain was 2 : now, 
if 10 cents gain 2, what will 100 cents 
gain? Twenty, which is 20 per cent., 
is the answer. 

Suppose the question above were thus: if 
10 cents lose 2, what is the loss per cent.? It 
is evident that it would be precisely the same 
operation, and that 20 per cent, would be the 
result. Again: If I buy raisins at 7i cents 
per lb., and sell them at|i|0 cents, what do I 
gain per cent.? The firsr thing to do in all 
such cases is, evidently, to find the gain or loss 
on the cost, and say, if the cost has given this 
gain, what will per centum give? Now, .7i 
cents gain 2i ; the question is stated 
accordingly; disposmg of fractions 
in the usual manner. The result, 38^ 
per cent., is evidently correct, if we 
consider that 2i being i of 7i, the 
answer should likewise be ^ of 100. 

If a horse is bought for 40 dollars, 
and sold for 80, what is the gain per 
cent. ? If. 40 gain 40, per cent, will 
gain 100. The result is 100 per 
centum. 
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From the foregoing we conclude that. To 
find the rate per cent.y pr&fiit or losSy vshffn an 
article is purchased at one price and told at 
anot?ier; 

Ascertain the gain or lass on the cost prictyly 
subtraction: make 100 the demand: the cost price, 
the same name; and the gain or loss, the name of 
ansteer, last on the right. The answer wiU be the 
gain, or loss^ per cent, 

A bill o( goods cost 2400 dollaifl, 
and was sold for 3000; what was 
the gain per cent. ? The 2400 gain- 
ed 600; hence, the per e^it. is 25. 
Bought cloth at 4} dollars, and sold it at 4i ; 
how much per cent, was gained or lost ? We 
find tibat 4| dollars lose i of a dollar : hence, 
we inquire, what will 100 lose? The rate of 
loss is 2|-| per cent., thus, 

Let this be proven by Variety 1st, 
by askii4pkto what price will 4} be 
reduced, to lose 2|.| per cent. ? That 
is, what will */ be reduced to, if 100 
be reduced to 97 ^V or ^f |^? Four 
and five-eighths is evidently the 
answer; for this was the price at 
which it was first sold, at a loss. 

Ribbon that cost 6 cents peryard^ 
is sold at 7i cents, what is the gain 
per cent.? 

Cloth that cost 18f cents per yard, 
is sold at 12i cents; what is the 
loss per cent.? The 18} lose 6i; 
therefore, 100 will lose 331, which 
is the rate per cent. loss. 
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It mu»t ba observed here, that loss, as well 
as gain, is made on the cost price. 

TBULD YABDETY.* 

Sold a yard of cloth for 250 cents, and 
thereby gained 50 per cent.; what did it cost? 
It is manifest that 50 per cent, was calculated 
on the cost price, and then added to it, for the 
selling price; so that to take 50 per cent, from 
the selling price, which is considerably larger 
than the cost price, would be taking off a 
larger sum than the cost price, at 50 per cent., 
would give. It is, therefore, necessary to find 
the cost, and then 50 per cent, reckoned on 
this and added, would make the selling price. 
The 250 cents are the advanced price, from 
which we wish to deduct the per centum that 
has been added. To do this, we must compare 
it with the advance value of per cent., or with 
100, advanced by the rate, added to it. Now 
the rate 50, when added to 100, makes 150, for 
the advance or amount of per cent. If this 
be the advance or amount of per cent., to find 
the cost or par, we must reduce it to 100. We 
have, therefore, 150 advance per cent, to com- 
pare by ratio with 250, advanced price of 
cloth, and conclude, that if 150 advance, be 
reduced to 100, par or cost, 250 advance 
must be reduced in the same ratio, to find Us 
par or cost. Hence, we make 250 the demand, 
150 the same name, and 100 the term of 
answer: thus. 
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In reducing the 150 above, it is 
not the 150 losing 50 per cent. ; for 
this would reduce it to 75, instead 
of 100 : but it is 150 losing the gain, 
being brought back to the cost or 
sum, that first gained it.* If 100, at 50 per 
cent., be 150, certainly 100 of it is original 
value, and 50 gain ; both making the amount 
150. So, likewise, with the cloth ; 166} is the 
first value, and 83i the gain : both together, 
making the amount or advanced price, 250. 
Now, by proportion we find, that if 100 would 
gain $50, 166} would gain 83}. So, it be- 
comes reasonable, that in reducing an article 
that has been sold at an advanced, to its cost 
price, to compare advanced price of the article 
with advanced per cent. We may now prove 
this by both preceding Varieties. 
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First, what must a yard of cloth 
which cost 166}, be sold for, to gain 
50 per cent. ? 



500 



100 

3 

250 

|50 



Second, If a yard cost 1,66}, and 
sell for 250 cents, what is the gain 
per cent.? We know that this ought 
to be 50. We say then, if 166} 
gain 83}, what will 100 gain ? 
It is seen here, that when we take 50 per 
cent, from 250, we reduce it to 1,66} ; and that 
50 per cent, on this 166}, will elevate it to 250 
again. Some think it singular that it can be 
done in this case, and not in the case of the 
first example, in Variety First. The great 
reason of this difference, is the difference of 
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names. In &e latter case, we are falling from 
the amount to the principal : from the advance 
to the cost, by reducing the amount of per 
cent., to its par or first value: in the forrn^, 
the work has no reference to finding the par 
or cost price ; but mdely to laying on or taking 
off per cent, on larger or smsdler sums; as 10 
BXidL 12 cents: 5 and 20 cents, &c. In the 
latter case our supposition is the advance per 
cent. : in the former, it is not advance, but par 
per cent., or 100 being reduced to some loss 
price. Advance, par, loss, reduced, &;c., be- 
come, tilierefore, important distinctions if we 
would inquire the prime reason of different ope- 
rations, which are rather apparently the same. 
Suppose I sell a yard of cloth for 480 cents, 
and thereby lose 20 per cent. : It is evident 
that I have sold it for a price, 20 per cent, too 
smalL Now, many would think that we 
might advance the 480 cents, 20 per cent., 
a>ud have the cost price ; but this is a mistake : 
for the 20 per cent, loss, is so much on the 
cost price, and could not be calculated on the 
480 ; because it is the reduced price ; and 20 
per cent, on this reduced price will not make 
as much as on the cost price.- We say there^ 
fore, what will this reduced price, 480, be 
advanced to for uar, if 80, the reduced value of 
per cent., be advanced to 100, par ? It is seen 
here, that we have reduced opposite reduced, 
and last on the right, par or 100 for the term 
of answer. We find that the cloth cost 600 
ceiatB, thus, 
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It was thk 6M tbafe lost the 20 
percent. ; not the 480 : md if 600 be 
reduced 30 per cent, hf Yarie^ firo^ 
Ibe reduced or kieft prioe wUl be 
&mul 480; tfans^ 

Thia nia^ be proven agamy Iqr 
Yarsetjr 2d^ thm : If dlcrth that cost 
600, Ib soM for 460, what b the lo«» 
per eent. ? We know that it waie 
20 : hence 20 per cent. 
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Fbons the foregoing^, we oondadey tkat^ 
Tojhtd the cost ptieey uhen on article has been 
sold €Et a spea^M per eent,^ gain or hssy make 
tie seMng price tite demand; 100, twcreased hy 
Md gain per cent, added^or diminished ig^ tie lost 
per cent, subtracted, tie same name^ opposite; 
and 100, the term of answer, en the right :. the 
answer will be the cost price, 

if a man »ell a yaxA ef clotk 
for $5, and thereby gain 12^ per 
cent. , what did it eo0t him ? What 
will 500 advanced price, be re- 
duced to, if 112i advanced p^ 
' cent., be reduced to 100>'? 

If I have a yaid of eloth that coat 
4,44^, how must I sell it, to gain 
12i per cent. ? Variety let. 

If I buy cloth at 444^, and sell 
it at 500 cents, what do I gain 
per cent.? Variety 2d. It is evi- 
dent that 444^ gain 55| cents: 
then, what will 100 gain ? Here, 
|12jr 12i is the answer. 
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If, wlieii -wheat i« sold at m 
cento per btiiE^el, 20 per eent. 10 
last, what did it cost ? What will 
the reduced price, 90, be ad'rantced 
to^, if 80 reduced per cent, be ad^ 
Tanced to 100, par? 

When wheat is purchased at 
100 cento, and sold for 80, what 
is lost per cent.? It is the 100 
oento here, that lose 30 : hence 20 
per cent, answer. 

If hemp, sold at $4i per cwt., 
gains 10 per cent., what did it 
cost? 

If hemp cost 94,09^^ cento per 
cwt, for now much will it be sold 
to gain 10 p^ cent.? 

Purchased flota* at A^,40 per bar- 
rel, which was 40 per cent, below 
cost : what was the cost? 



How mus£ flour that cost $4,00 
be sold to lose 40 per cent.? 
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Sold a horde for 120 dollars and thereby lost 
20 per cent., whereas I ought have gained 40 
per cent.; how much was he sold under his 
Yalue ? It i» plain in the first place, that if I 
tost 20 per cent, in selling him at $120, he 
m^t have cost me more than this: conse*- 
^uetftlf this is the reduced pifcCr Itr mi^ be 
saM> tben^re^, what will this teddced piice be 



60 



rainet's imfboved abacus. 



advanced to, for cost, if 80, the reduced per 
cent., be advanced to 100? This wiU give the 
cost price of the horse. Now, this cost price 
mast be advanced 40 per cent. Hence, we 
say, what will this cost price be advanced to, 
if 100 be advanced to 140? Thus, the two 
statements are combined, 
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We find that the horse should 
have sold, to comply with these 
conditions, for 210 dollars; from 
which, subtracting 120, we have 
a loss of 90 dollars. We might 
take the two questions separate* 
ly ; or, as they are combined, we 
might drop the hundreds for mere convenience, 
saying 80, reduced price, may be advanced to 
140, selling or advanced price* 

Suppose, when a horse is sold for $120, 20 
per cent, is gained, whereas a loss of 40 per 
cent, might be sustained; how much is he 
sold over his value ? 



mm 



We find that the horse might have 
b^jen sold for $60, and is consequent- 
ly sold for sixty too much, in making 
the price 120. 

Again : In the latter example the 
100 is suspended on each side, while 
the statement is still quite as per- 
spicuous as before. 

Operations in this variety of profit and loss, 
are quite similar to those of discount* In dis^ 
count the advance made from principal or par, 
to amount, is based on the losses of a speci- 
fied time; whereas^ in this case, the advM^ 
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depeitdB on a usage of common eonsenty 
whereby an individaal is allowed to make Sr 
reasonable per cent, in lieu of the accommo* 
dation extended to those around him. 



FOUKTH VABIETT. 

If, in selling a yard of cloth for 95, 1 gain 
20 per cent., what will be gained if it sell 
for $6 ? 

In this case we may say, what per cent* wiU> 
be gained by selling at $6, if by selling at $5 
we gain 20 per cent? Thus, 

it would gain 24 per cent. Now 5 
advancing to 6 gains 1 dollar ; what 
per cent is it? or, what will 100 gain 
if 5 gain one? 

We find that the simple advance 
from 5 to 6 is equivalent to 20 per cent.' 
Here the general advance is 24, and 
the advance from 5 to 6, 20 per cent., 
which, added, make 44 per cent, as the gain 
in selling at $6. 

We say above first, what will 6 gain, if 5 
gain 20: and, again, what will 100 gain, if 5 
gain 1? In the first place 5 gains 20 aa a 
mere addition ; and in the second, it gains 1 
as a specified per cent. Knowing, then, that 
we must yet further use the 20 to advance it 
to a larger amount, and likewise the 100 to get 
the per cent., we combine the two operations, 
by adding 100 to the 20- for the purpose of 
getting tihie per cent.; suspending one of the 
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fives on the left; and finally, subtracting fUu^ 
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1 W thm added above^ whioh loaves tlw trua 

By fhus adding the 20 and 100« 
we work two propositions, ai^d per- 
form addition at the same time. It 
is very aejdom necessary to add 
numbers on the line ; and is done in 
thto mtAAce onjy to iav^Hd tW9 nUite- 
meatOf and to ^beaten the week. 
. When one price is advanced to another, attd 
a :gaiii made, nve «iibtraot 100 from tiM an- 
syrer, and take liie remainder as the per cent.; 
and when one price is reduced to another, die 
answer is subtracted from 100, while the re- 
mainder is, as befeire, a(ceoiiu»tol >tbe itrue per 
cent. 

To prove this answer correct, wa may find 
the eost of the yard of eloth« biowitig that 05 
is 20 per eaat. means than the ^cost; ftus. 

We find by this, that the 
cost was 4| doUiuti. !Now,tf 
4| dollars, in advancing to 6, 
gain If dollars, what is tiM 
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rate per cent, gain ? 
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Thus, by variety second, we find 



7^^^ that the original cost was 4^, and 
after subtracting this from the sell- 
ing price, by variety second, find 
also that ithe rate is 44 per cent.^ 



44 

as above. 

In selfing a watch for $10, t lose 20 par 
ceat; what peir oe^t. would be lost ia 
itsntlS? 
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Here the aelliftg priee. By is ^ke de* ^0 
mand; the first reduced price, 10, the 
same name; and 100, reduced by the 
loss per cent sizbtracted, the same 
name, it may be observed here, that if 4he 
per cent, is gain^ it must beadded^ and if ioss^ mb^ 
traded. Taking 64 above, from 100, we have 
do per cent, loss, for the answer. 

We know Ihat if $10 lose 20 per oent., 8 
will lose 16; and likewise in descending from 
10 to 8 we lose 20 per cent.: now 20 and 16= 
^^as above. 

This may be again proven, thus : What will 
$10, reduced price, be advanced to, if M in- 
duced per centum be advanced to 100 ? 

Thus the cost price of the watch . MM 
was $12^ ; now, in selling for 8, 12i 
loses 4i ; hence we ask, what will 100 
lose? 

The loss in reducing to this price 
is thus found^ to be 36 per cent., 
which proves' the work correct in 
every part. | a^ 

If, in selling a pound of tobaoeoier 30 cents, 
I lose 10 per cent, what will be lost if it is 
sold at 25 cents? 

The result is 75 cents, which we J ^jJ]26 

subtract from 100, leaving 25 per | ^ 

cent, as the answer. | \*j^ 

Now, if dO was 10 per east horn^ ive catt 
easily see what it cost; thus, 

106 
381 



100 
12^ 

4 
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If 33i reduced to 25, loses Si, what will 
100 lose? 

'^ Again the question is proven by 

25 finding the per cent, between the cost 
—■ and selling price. 

If, in selling a horse at $30, 1 gain 30 per 
cent., what will I gain per cent, by selling him 
at $40? 

We subtract 100, and have for an- 
swer 73i per cent. We now find, by 
variety third, the cost of the horse, 
which in selling at $30 gained 30 per 
cent.; saying, what will 30 advanced 
price be reduced to, if 130 advanced 
per cent.^ be reduced to 100? 
130 30 Now, 23yV being the cost price, we 

\{^^ know that it gains 16}| in advancing 
— — to $40. Therefore, by variety second, 
P^tV f we say, if 23 yV gain 16||, what is the 
rate per cent., or what will 100 gain? 

Again, the work is proven correct 
by subsiequent statements. 




ma 



^^ 



220 



73i 



Prom the foregoing we conclude, that, 

To Jind the rate per cent., gain or loss, when an 
article, sold at a specified price, tmth a spe- 
cified gain or loss per cent., is advanced or re- 
Siced to yet another price : Make the last selling 
price, the demand; the first sdling price the same 
name\ and 100, increased hy the gain per cent, 
ddded, or reduced by the kss per cent, stdjiracted^ 
the term of answer. If a per cent, is gained^ 
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miUraei 100 from the answer; if ioet, subtract 
H^ answer from 100, and in either case the re-^ 
mainder wiU be the true rate per cent, Or^ 

Proceed according to directions in variety third, 
and find the original cost; tlien find by svhtrac- 
Hon the differervce between the cost and the selling 
price; and by variety second, find the rate per 
cent, gain or loss. 

This variety of profit and loss is of but lit- 
tle practical value, but may serve to awaken 
close investigation in the mind of the reader. 



FIFTH VARIETY. 

We shall consider under this head questions 
of a general character, with particular refer- 
ence to the. combination of several separate 
statements into one general statement, by 
which a specific answer may be obtained. Aa 
all operations, in this or any other department 
of profit and loss, depend primarily on pro- 
portion, it will be necessary to make all of the 
statements occurring in combination, by the 
general principles indicated in simple ratio. 
Such statements of concatenated proportions, 
might be called conjoined proportion, vdiich 
in the strictest sense is but making the answer 
oi e^ preceding, the demand of a swbsequeni pro- 
portion. This being the case, and all proper* 
tion depending in solution on multiplication 
and division, we conclude, that these several 
multiplications and divisions may be made all 
together, and at the same time. 

The statement of questions by combmatipn 
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« 

given free ^rereise jfce all Ae analytie powien 
of the student's miad, and tends gireatljr to thm 
cultivatien of oomct modee both of thrnkiny 
and reasDning. It will be found necessaiy, in 
all such questions, to eommence with the com- 
mencing point, and keep up all of the natural 
relations of the questions until the term of ai^ 
swer is found. 

Sen4; to Cincinnati for 440 gallons of wine, 
and paid S7i cents p^ gallon: paid 2 per 
cent, commission to my agents; and in ex* 
changing specie for depreciated Kentucky pa- 

i>er, gained 10 per cent, premium: lost 40 gal- 
ons by leakage : how niuch must the remain- 
der be sold for per gallon, to gain 20 per cent. 
an &e prime cost? 

It is evident that we must find what tiie 440 
gallons cost, at the price, and that we most 
then increase this snm 2 per cent, for commis- 
sion; fcMT the commission is reckoned on the 
sum of money paid for the wine. We know 
that th^ depreciated paper will be received in 
payment for ike wine and commission, quite 
as well, if necessary, as gold ; and that $1 10 of 
the paper are worth $100 of the specie. We, 
tberetbre, find what sum of specie will piqr 
for tlu6 paper, or. cost of the wine and com- 
mission. This, then, would give the amottnt 
of specie to be eent to Cincinnati; but loe^ng 
40 gallons, we divide the whole quantity of 
specie paying for all the wine, by the number 
eSr galloae left, 400, and find the advaneetf 
price which each gallon of (he reduced lot^ 
must sell at, to reproduce the amount expe»^ 
dad. We tiben advance this price M per cent.. 
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aA4 find the selling priee c£ die ^mne, per gal- 
lon. It is a settled matter, that the tmnmie- 
sion must be paid on the snsaiavestadyiwibeAi- 
er in specie or paper. It is lifcevsise eaailgr 
seen, that it is the amount of specie »mt t0 
Cincinnati that must be divided by the re- 
duced quantity of wine; for liie purchaser 
merely wishes to know the advanced price per 
gallon that will reinstate him in bis expendi- 
ture, without reference to the 10 per cent, dis- 
count saved ; fer if he were to divide the price 
paid in paper, he would relndemmfy his loss 
of 40 gaUoniS, and retain also the 10 per cent. 

But, as it is, he wishes only to make 20 per 
cent, on the whole transaction, by advancing 
the specie price of each gallon of the reduced 
quantity 90 per oent. We ^consequently anahe 
tiie statement by proportion; thus, 

What will 440 gallons cost, if 
1 gallon cost 87^; what will this 
sum, or prioe of all the gallons, be 
advanced to, if 190 be advanced 
to lOS, for amount of both commis- 
Mon and payment? Now, what 
will all this sum of money la pa- 
per, 'which pays fer &e wine, be 
reduced to, for specie, if 1 10 paper, oppieeite, be 
worth 100 of specie, on the right? Then, 
wiiat win 1 gallon cost, if 200, Ihe remaiikler 
after the loss, be worth this last sum in specie? 
Here, the demand l,is understood, not ex- 
pressed. Again: What will this price per 
gallon on the right, as demand, be advanced 
to, if 100 opposite, be made 120? We fisd 



1 

2 
100 
110 
400 
100 



440 
176 




1,WA 



89 
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that the wine mtist be eold at 1 dollar and 7^^ 
cents per gallon. 

The several successive steps, or proportions, 
in this statement, may be made separately, as 
follows : 



1 

2 



440 gallons.' 
175 cents price. 



Per ct. 100 



Dis. 110 



Bed. qn. 400 



Per. ct. 100 

Ans. 



385,00 whole price of wine. 
102 commission. 



392,70 amount with commission. 
100 specie. 



357,00 reduced amount of specie. 

1 1 gallon demand. 

357,00 whole price in specie. 

price per gallon, red. qn. 
20 per cent, profit. 



89J 
120 



l,07yV retail price. 



The concatenation of the statement is here 
kept up, except in one instance, when 1 be- 
comes the demand on the right, and the an- 
swer of the former question, 35700, is the 
price of the 400 gallons. We might dispense 
with this 1 ; and use it here, only to show the 
full proportional relations. Hence, yre say, 
if 400 gallons cost $357,00, what will 1 gallon 
cost; and get the ratio between the 400 and 
tiie 1, and by this ratio, which is ^^trs multiply 
the price 35700 cents, and thus decrease it to 
99{ cents. We have shown the absurdity of 
^tempting to multiply together two denomi- 
nate things : the same reasoning is true with 
regard to dividing one denominate by another 
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denominate thing, as cents by gallons, or gal- 
lons by cents. 

Placing the 110 on the left according to dis* 
count may seem wrong, until we reflect that 
30270 is the aitiount of paper which pays for 
the wine; and which we wish to reduce to 
gold. This amount of paper must be com- 
pared with another amount of paper that will 
equal per centum or 100 in specie; for specie 
is the par per cent, of exchange; this amount 
of paper we know is 110; for the par, 100 
specie, will pay for this sum of discounted 
funds. Hence, the operation is one of pure 
dboount. 

Bought 5 hogsheads of sugar, containing 
each 1200 pounds, at 2i cents per lb., and lose 
1000 lbs.: how must I sell the remainder per 
lb. to gain 6i per cent, on the prime cost? 

The separate statements occur in the follow- 
ing order: How many pounds will 5 hhds. 
make, if 1 Jbhd. make 1200 ? what will these 
pounds come to, if 1 pound cost 2^ cents? 
then, what will I pound cost, if the 5000 
pounds, after the loss of 1000, cost the price 
indicated by the last answer in. cents? what 
will this advanced price be yet further ad- 
vanced to, if 100 be advanced to 106|; thus, 



We say 5 times 6 on 
the right make 25, which 
goes into 100 on the left 
,4 times, etc., etc. In 
this question 1 again oc- 
curs as demand, while 
5000 is the same name, 
and the preceding an- 



\ 
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2 
2— ^0jZ>0 

4 



10 



Am- 



0li^^f;—17 



51 



8A 
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awnr in oentSy the denoBiiiiaticni of flie an*" 

swer ; that when the answer is obtained it may 
be advanced 6i per cent farther. 

Suppose I parchase 90 yards of broadcloth 
at $5 per yani, on a credit of 1 year; but for 
ready payment; am allowed a discount of l^ 
per cent.: after receiving the cloth I lose 1:0 
yards; how mnert I sell the remainder per 
yard, to gain 10 per cent, on the prime cost? 

What will 90 yards come to, if 1 yard coet 
$5? what will this amount, 1 year hence, be 
redneed to for ready payment, if 110 opposite 
be reduced to 100? then, if this price pay first 
for 90 yards, or, after sustaining a loss, for 80 
yaids, what price will pay for 1 yard? what 
win this price of 1 yard be advanced to, if 100 
be advanced to 110 for selling price? thus, 

The answer 5f dollars, or $5,62| 
cents, is correct; because when we 
deduct from the cost of the 90 yards, 
10 per cent discount, and divide the 
remainder by 80 yards, we have 
the cost price of 1 of the remaining 
yards; thus. 

Now, the difference between this 
price and 5f , for which it sold, is m. 
We may now prove that in iselling at 
5f, 10 per cent is gained, by variety 
second; thus, 

If 5/r gain ^}|, what will 100 
or per cent, gain? This 10 
per cent, gain is made on the 
amount of money Invested, as 
has been shown; consequent^ 
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80^00 

mm 



6f 



00 
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1 
110 

80^100 



225 



100 
44 
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Purcfaased cloth at $3 per yasd, but beiag 
damaged, I was allowed a dedoetioii of 20 per 
cent.; for what must I sell h Id gsm 20 'psr 
cent.? 

The first statemei^ evidenily le^ what will 
$5 be redueed to, if 100 be reduced t&80 : the 
eeeoad, what will this price be adfvnced to, if 
100 be advanced to 120; tfauv, 

To some minds the old dift- jl^P^f 
cnlty is here again presented, of 
fining the reduced price at 20 
per eent. losi^. which at 20 per 
tent. gaABf witt not produce die 
former price. We mmt recollecl that when 
$5 lose 20 Mr eent, fikey will be nduced to a 
number which will not at 20 per ctait gain a 
sufficient amoetit to advance to^ $5 again. 
Five dollars in losing 20 per cent* are reduced 
to 94; bat #4; to gaia 20 per cent would ad- 
T^eace to $4,80 cents onfy. The defect, 20, 
arises from the $4 being too small to gain at 
2ik per cmA. tbe: sura lliat $5 would gain. The 
first statement of the qaestkm aborve, if 
wrought separately, would give $4, the reduced 
parice of the cloth ; benee, when we increase 
Ibis answer 26 percent., we make it $4|. 

I purchase eaxBther piece of cloth, est which 
the sum made was 20 per cent.^ in considera- 
tion of damages he lets me have it at cost 
price, or at a discount of 20 per cent.: what 
should Tgetfopit? 

Five dollars is the advanced price; hence, 
we will, by variety third, compare with it 120, 
advanced per centum,'' and reduce it to cost or 
par price, by the par, 100, on the right. Then, 
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by another combined statement, we will ad- 
vance it 20 per cent, for Belling price ; what 
will the selling price be ? The 20 per cent, 
advance must be reckoned, like all other pro- 
fits and losses, on the cost price; now, 20 per 
cent, discount has been taken off for the pur- 
pose of finding cost price ; thus, when the cost 
price is found, we must., by 20 per cent., ad* 
vance it again to its former advanced price, 
$5; thus, 

The difference in these two opera- 
tions is, that in the latter case we 
discount from the advanced to find 
the cost; whereas in the former, we 
reduced the cost, by simple loss ^ixy find 
the reduced: price. ^ 

We will now give a few solutions on gene- 
ral principles. 

A purchases 500 pounds of sugar at 6 cents 
per lb.; how must he sell it per lb. to gain $20 
on the whole lot? 

It is manifest that it is necessary to find, first, 
the cost of the sugar, which is $30,00. To 
this we must add 20, making $50, the whole 
price that the 500 lbs. must sell for, to gain 



m 

8 
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m 

m 

5 
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1 
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$20. Now, what will 1 pound 
cost, if 500 pounds cost $50; 
thus. 



A miller sold a quantity of rye at $1 per 
bushel, and gained 20 per cent.; soon after, he 
sold of the same to the amount of $37,50, and 
gained 50 per cent.; how many bushels were, 
tiiere in the last parcel, and at what did he^ 
sell it per bushel? 



\ 



PBorn AKD loss: oommrATioN. 



9^ 



120 



1 

100 



i^.s^ 



We Imow that 01 is the cost price of one 
bushel r with 20 per cent, profit added : conse- 
quently, according to variety third, the cost 
price of the first quantity is 83i cents; thus, 

Now, $37,50 is 50 per cent, 
more than the cost price of the 
second lot; so, by the same pro- 
cess, we ascertain that the lot 
cost $25; thus, 

Now, we say, how many bush- 
els will $25, the cost of the lot, 
buy, if 83J, cost price, buy 1 bush- 
el; thus. 

We find that 30 bushels were 
sold. Now, if these 80 bushels 
cost $37,50, what will 1 bushel 
cost? thus, 



150 



$ 



m 



37.60 
100 



25 

^^,00 
3 



30 bu. 



It is found by the following 
statement that he sold 30 bushels 
hi $1,25 cents per bushel; thus. 



30 



8 



1 

37,50 



1,25 ctff. 



We see here beautifully illustrated, the dis- 
tinction between cost, advanced, and reduced 
prices. We find the cost of each; compare 
the cost of 1 with the cost of the lot, and find 
the number of bushels in each lot. Then, 
knowing that these bushels cost the price of 
the lot, we find the price of one bushel. This 
is an easy and simple process of reasoning; 
yet the conditions and relations of such ques- 
tions are seldom understood, unless nice dis- 
tinctions are made in the terms. 

A merchant bought a parcel of cloth, at the 
rate of $1 for 2 yards, of which he sold a cer- 
7 
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Ma qnuftity at th« rate of $3 for 5 jards; 
slid tbeli found that he had gamed as rauoh 
ii9 18 jrardid cost; how many yards did he sell? 
We know &at the cloth cost 50 cents per 
yard, and that he sold it for 60 cents; conse- 
quently, he gained 10 cents per yard. Now, 
he gained as much in selling a quantity of it 
as 16 yards cost; which is 900 cents. If, 
therefore, 10 cents is the gain of 1 yard, of how 
many yards is 900 cents the gain? Nine hun- 
(}red is the demand; 10 cents the same name, 
and 1 yard the term of answer; thus, 

^0900 
1 



90yd8i 

We have now suiBciently iDuslrated all of 
tb^ practical operations in profit and loss, to 
enable the careful and reflective student to 
perfect his knowledge of the subject by exam- 
ples and experiments of his own, both in the- 
<nry and practice, in all of the usual business 
tcansactions of life. 

A great number of questions ia businein 
eome under the head of variety fifth, which, 
judiciously arranged and stated, may be easily 
wrought; and frequently with one-fourth the 
number of figures required by former methods, 
and separate statements. 

From the foregoing illoatrationB, we deduce 
the following 

SUMMARY OF DI&ECTIOKS. 
For COMBINATION OF STATEMENTS tn Pro/U Oful 

Loss, 



I. Place Jirst on the right the quantUt/ of the 
article and the cost price: 

II, ^ it is desired to advance or reduce this 
entire cost^ iy conanissiony premium^ transporta* 
tioUf dratobackj or other consideration^ place 100 
en the Irft, and 100, increased or reduced by the 
per cent.y on the r^^ht. 

ni. To efect a discount^ place 100, increased 
by the rate, on the left, and 100 on £^ right: Or, 
if profit and loss follow , place 100, increased or 
reduced by the gain or loss per cent., on the rights 
in the piace of the 100 or par of disc&an£. 

IV. If a specified portion of the article ofmer^ 
ehandise be lost, and it is desired to know how 
a unit of the quantity must be sold, subtract the 
quantity lost, and place the remainder on the left. 

Or, Make the whole statement a concatenation of 
proportions, and proceed according to the specified 
directions in the various rules involved. 



DISCOUNT.* 



Discount is reckoned by two methods ; one 
true; the other false. The false method is 
very often used by business men ; which is 
merely to reckon the interest on the amount, 

* Disconnt is from th«. French ducmigU to connt baek, and ii niod 
t3monymou<l]r with rehaUt which is from rebattrgy to strike off. It implies 
the strikiag^ of a portion front an unoont muio of separate snmt, 
as is the case in discount, where the amount is composed of the origmai 
principal, and the interest supposed to bacve accrued. Amount is Iroili 
fnmUr, to aso0Bd ; which is from the root of the Latin, maiu, a menii- 
tain. 



96 RAINEY'S IMPROVED ABACUS. 

and deduct it for the discount; making the 
remainder the present worth. By the true 
method, the amount is reduced to such a sum, 
as, connected with its own interest for the 
time, and at the 'rate, will restore the amount. 
In other words, the interest on the present 
worth, which is equal to the Discount, will, if 
added to the present worth, restore the original 
amount or debt. Some individuals use both 
of these methods : the former, if they are pay- 
ing out money ; the latter, if receiving it. 

The theory of discount is based on the sup- 
position, that the debt becomes due at a future 
period, and bears interest from date, or from 
the specified time when it is to be paid. 
Therefore, it is necessary to use some standard 
of present and future value, such as 100, or 
per centum. One hundred is the value or 
standard at present time; but 100, with its 
own interest for the time and rate^ added, 
will be the future value, of such standard. 
Suppose the time 1 year, and the rate 10 per 
cent. : the standard of future value will be 
110. This 110 is both principal and interest, 
which added, make the amount which is. 
always the future value. In the same man- 
ner, the debt on which the discount is to be 
made, is both principal and interest, or 
amount: hence, the propriet}^ of comparing 
amount of debt with amount of standard, and 
by proportion, reducing the amount of debt to 
its par or present value. In the supposition 
above, if 110 dollars, one year hence, be 
reduced to 100 dollars, present time and value, 
what will any other amount, as $100 debt, be 



100 
100 
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reduced to, in the same proportion : that is, 
if $110 be reduced to $100, for present worth, 
what will 100 dollars be reduced to for present 
worth? Here, 100 is the demand; 110 the 
same name; and 100 the term of answer y or 
present worth. We state accord- --^ 
ingly, and the answer will be the 
sum of money payable at present — ktqiv. 
time. *' ^"t f 

By annexing two ciphers, this answer might 
be obtained in cents. The present worth is 
90\.f. dollars; or 90 dollars, 90 cents, and \\, 
This sum with interest for one year, at 10 
per cent., will amount to 100 dollars ; which 
proves the position correct, that the interest on 
the present worth is equal to the sum of discount. 
It is necessary to make a distinction between 
the terms used. The sum is the whole of any- 
thing, from summum, the whole : as the sum of 
interest J the sum of present worth, the sum of 
discount, (Sec. The amount is the result of two 
or more sums added, g,s present worth and 
discount added, which make the amount of 
debt. Amount is from the French monter, to 
ascend. The present worth is the portion of 
the debj remaining, after the discount is 
deducted. 

It is necessary, in stating this sub-division 
of numbers, to place amount opposite amount, 
on the line, that we may ascertain the ratio 
between such different amounts, and apply it 
to the par, present worth, or 100, and increase 
or decrease it accordingly. 

What will be the present worth of 400 dol- 
lars, 10 years hence, at 6 per cent ? Here, aa 
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in all other oases of discount, the interest on 1 
dollar, for the time, and at die rate, must be 
ascertained, and added to 100 cents; and the 
amount placed on the left of the line. One 
hundred cents, in 10 years, at 6 per cent., 
amounts to 160 cents; or, 100 dollars, in 10 • 
years, at 6 per cent., will amount to 160 dolls. 
It may be observed here, that the denomina- 
tion of the amount on the left, is determined 
by the demand on the left. If the demand is 
dollars, the amount is the same ; and if cents, 
the amount is cents; the left, or amomit, being 
merely an indenominate standard. 

It is manifest that 400 is the demand; 160 
the same name; and 100 the term of answer, 

^^"^lffi-26 '^hw 250 dolls., in 10 years, 

' ^. j^L ^ — - at 6 per cent., will gain 150 

I dollars, which, added to thie 

250, restores the original amount, 400. 

What is the present worth of 824 dollars, 
due 8 months hence, at 4i per cent.? We 
ascertain first the interest on 1 .dollar, at 4i 

per cent., thus, 

We now add this 3 cents 
to 100, making 103, which 
we place on the left of the 
line, thus. 

The answer is 800 doUarfi, 
on which, in 8 months, at 4i 
per cent., the interest would 
be 24 dollars. This added 
makes the amount 824. When it is necessary 
to ascertain the sum of discount, subtract \he 
present worth irom the amount due« 
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]3 mills. 

20,86,24 
100 
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What is Ae present worth of $20,86,24, 
due in 18 days, at 6 per cent, discount? We 
find the amount of 100 icents, 
thus. 

The amount is 100,3. This 
number is placed on the left 
of the line, thus, , *qq^ 

In this instance, we have 3 ' 

mills on the left, after the W^o no n 

cents, and on the right four ' * ' ' 

hundredths of cents. Having this one decimal 
more on the right, than on the left, one figune 
must be cut off, on the right, for hundredths. 
This might be obviated, by using another 
cipher on the left, making 3 mills 30 kuft* 
dredths. In such case, the demand and same 
name, would be ot the same denomination^ 
From the foregoing considerations, une ans 
justified in making the fiollowiiiig 

DUlBCTfOVS FOa DISCOUNT. 

Ti9 find the present w^rth of om amimnt qf 
money at discauMt, 

Asceri4ziny by interest, the amount of IQOdolkirs^ 
«r cents y for the time, and at the given rate: or 
^ascertain the interest on one doBar for the time 
<md rate, and add it to 100 ; make the amsmaii, of 
the debt the demoMd; the amonnt of 100 the same 
name; and 100 the term of answer: the answer 
mil be the present worth. To ascertain tie DiS" 
count, subtract the present worth from the amount. 
If the number of decimal places in the amount on 
the right is greater than in the amount on the left^ 
eut (^ such surplus in the answer. Cancel as in 
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other cases ; or, if this he impracticahk, multiply 
and divide. 

It may be well to offer a few remarks to 
those who suppose that Discount and Interest 
are the same; or who think that deducting 
the interest, is a fair method of discounting-. 

The true discount of 100 dollars, for ten 
years, at 10 per cent., would be 50 dollars. 
But the discount by the false method, of sub* 
tracting the interest, would of itself, be 100 
dollars ; leaving nothing for present worth. 
The absurdity of this may be better seen, by 
taking the discount on the same sum for 20 
years, at 10 per cent. ; in which case, the dis- 
count would be 200 dollars: so that, if de- 
ducted, would leave the holder of the note 100 
dollars in debt to his creditor, by receiving 
payment, or making settlement : whereas, by 
the correct method, the discount never can en- 
tirely consume the debt ; as there must always 
be a present value. We have no space for 
descanting farther on the beautiful theory of 
this sub-division of Arithmetic; and will jwo- 
ceed to the consideration of per cent,, under 
other heads. 

In Bank Discount, the interest is reckoned 
on the face of the note, and deducted:, the 
remainder is the present worth, or sum drawn. 
This is allowing a greater rate per cent, than 
is specified in the note ; and on what plea, in 
morals and justice, I am unable to learn. 
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FACE OF NOTES GIVEN IN BANK. 

It firequently becomes necessary to find the 
face of a note given in bank, to draw a spe- 
cific- sum of money. Suppose the rate per 
cent, discount be 6; then $100 face of note 
will give 94 dollars ready money. Suppose it 
is desired to draw 4700 dollars. We say, 
therefore, what will 4700 dollars ready money 
be advanced to for face of note, if 94 dollars 
ready money be advanced to 100 dollars, face 
of note? thus, 0<4;fMa_5 

Now, the interest at 6 per joo 



cent., for 1 year, deducted 
from this 5000 dollars, will 
leave 4700 dollars, the sum to be drawn. 

Suppose the rate to be 4 per cent., and it is 
desired to draw 1800 dollars: we know that 
96 dollars will be the sum drawn for the face 
100, and state accordingly ; saying, what will 
1800 be advanced to, if 96 be advanced to 
100? thus. 

Here, the factor 12 



into 96 eight times, 
and into 180, fifteen 



^00—26 



$11876 



times; again, .4 into 8 twice, and into 100, 25 
times ; while 2 on the left into 10 on the right, 
iive times; which, multiplied thus, 5X15X25, 
} lakes 1875, the answer. The interest on this 
hum, at 4 per cent., is 75 dollars, which 
deducted, leaves 1800, the face of the note. 
Hence, To find the fojce cf a vjote given at bank, 
to draw a specific sum, 

Dedtict the tnterest of i00,/pr the time and at 
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the rate, from 100; place the remainder on the 
left for tlie supposition, cash drawn; the sum to 
be drawn in cash, an the right, for the demand; 
and 100, face <^f note, last on the right, for the 
term of an.8wer: the ansioer mil be the face of the 
note. 

Bankers generally ascertain the face of the 
note, (though they frequently wish to avoid it 
^.Itogether) by a species of approximation, by 
casting interest on the sum, and subsequently 
pn each separate sum of interest, till the result 
'm too small to be noticed further. The precise 
face of the note could never be pbtaiaed in 
this way. 



COMMISSION, BROKERAGE, &c. 

Comjcnission, Insurance, Brokerage, Taxes, 
&c., are wrought by Proportion, and in their 
standards of value, are based on per centum. 
Transactions of this kind are generally made 
without reference to time, that is, the time 
required for the specified trans^^ion^ is con- 
sidered a unit. 

Commission is a specified sum paid per 100, 
for the purchase and sale of merchandize, &c. 
The rate of commission varies from 1 to 20 
per cent. The sum paid for commission is 
called bonus, which is the amount of reward 
for the trouble incurr^dj from the Latin, &7n2£^, 
good. 

A. send9 tp B. 500 dollars worth ^f ^Ki^oks, 
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2:6 



mm 



7SG 
15 



to he sold oa commUaioix, and agrees to allow 

him 2i per cent, commission, what aum does 

B. receive? Five hundred, 

the sum, is the demand ; 100, 

or per ceUit., the same name; 

Band 2i, the rate bonus, the 

term of answer. The answer is consequently 

I2i doUara. 

The sftoxe name and the term of answer, :are 
eoioformed in their denomination, to that of 
the demand : for being only standards, they 
have no specific names, and may become 
dollars or cents, as indicated by the name of 
the demand. 

What i» tibe commission on 7^0 doUarn 
worth of wheat at 33 per et.? 

Here, we suspend the 100 
on the left, and cut off 2 
figures for decimab sof a 
dollar in the answer. 

What it the commission ^>n 800 busheJb 
of wheat, worth 60 cenits per bushel, at 6i per 

In this instance, we place '^^ 
the nwnher of bushels, and 
tibie price, on the right, iv^hioh 
is equivalent to jo^ultiplying 
them; and which makes the ^atement :the 
foUowing: what will all the cents that 800 
bushels cost, pay for eommission, if 100 cents 
pay 6i cents commission? The 100 might 
again be suspended on the left, and two more 
figures cut ofi:' in the answer, for hundred<ih« 
of cents. 

A facl^r receives 708 dioUMrs and 7$ cents, 



9 



112,50 



28,02^ 



60 
25 



1^130,00 
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and is required to purchase iron at 45 dollars 
per ton ; he is to receive 5 per cent, commission 
on the money paid : how much iron will he 
purchase ? 

The demand is the amount of money, 708,75 
cents, and the same name, 100 with the com- 
mission added, or 105; and the name of 
answer, 100. This would give the amount to 
be invested. In this instance it would be im- 
proper to charge commission on the whole 
sum of money, that is, to charge commission 
on the commission received. The question is, 
what sum must the factor invest in iron, so 
that the commission on the same, would make 
such sum amount to 708,75, the original amount 
of capital. We know that for every 100 dol- 
lars that he invests, he receives $5 commission : 
this added makes 105: now, this $105 capital 
will make 100 investment ; and we say accord- 
ingly, what must 708,75 capital be reduced 
to for investment, if 105 capital, be made 100 
investment money ? thus, 



105 

45,00 



708,75 

100 

1 



This will give the whole num- 
ber of cents that may be invest- 
ed : hence, we say again, how 
many tons iron will all these 
15 tons cents, in this involved or implied 
answer, buy, if 4500 cents opposite, buy 1 ton? 
Here, we combine the two statements in one, 
and have for the answer, 15 tons. That the 
commission should be charged on the sum 
invested only, may be better illustrated by the 
following contrast : A. sends to B. $100 worth 
of books to be sold on commission at 25 per 
cent. : what commission does B. receive ? It 



BBOKBRA«>£. 105 

is manifest, that as B. has the trouble of selling 
the whole lot of books, that "part which pays' 
his commission as well as the other, he should 
receive commission on the entire 100 dollars 
worth. The commission is consequently, $25, 
Again : 

Suppose A. send to B. $100 with which to 
purchase books : what is the commission at 
25 per cent.? Here, the commission being 
ready at hand, the agent has no further trouble 
than to deduct his commission, and invest the 
remainder. It would be manifestly unjust for 
him tq charge commission on bis commission, 
with which he had invested no time. We will 
suppose that if he wished to purchase $100 
worth of books, he would necessarily send to 
B. 100 to invest, and 25 to pay commission, 
or 125 capital to make 100 investment. If 
then, $125 capital make $100 investment, what 
investment will $100 capital, make ? 

It is thus ascertained that ^ i^^ 100— -4 

B. must invest $80 and reckon ^00 20 

his commission on the same ; r~ 

which, at 25 per cent., would ' ' 

be $20 ; consuming the entire $100. 

The difference consists in the medium that 
the factor operated on ; the one, ready capital ; 
the other, merchandize, which must first be 
converted. 

BROKERAGE. 

Brokerage is but another form of commis- 
sion, in which the factor or agent operates in 
monies, stocks, &c. The rates of brokerage 
vary from |^ to 10 per cent. 
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Brokers operate iA two ways: by keeping 
a cTirrent account with their dealers, in which 
they charge the various sums of premium due 
them ; or by deducting the premium from the 
capital before investment, as in the case of 
the purchase of books just mentioned. 

What will be the premium or bonus for 

purchasing 300 shares Whitewater canal stock, 

worth $50 per share, at If per cent, premium? 

^^ Here, the number of shares is 

ii0 50 ™^ltipli®d by the price per share, 

^ 5 ^^^ placed opposite, and the rate. If, 

or I last on the right. We^might 



>|250 again suspend the 100 on the left, 
and cut off two decimals for it on the right. 
Either method may be used with ease and 
eafety, 

B. has 200 shares Illinois Canal stock, which 
he wishes to sell 20 per cent, below par, and 
agrees to pay to his broker y\ per cent., for 
effecting the sale : stock worth $100 per share. 
The number of shares is here mul- 
tiplied by the price, and the whole 
sum of stock reduced 20 per cent., as 
in profit and loss, which gives the 
true value of the 200 shares. Then 
we say, what premium will all of 
these dollars give, if 100 opposite give y\ of 
a dollar? Hence the answer 112 dollars. 
We might suspend the 100, and the J^, and 
ascertain the discounted value of the 200 
shares stock, only. 

If my broker purchase for me 300 shares 
Railroad stock at 10 per cent, advance, and 



400 
100 

10 



^00 

100 

80 

7 



«|112 



afaargd ftie 1 p«r cettt., bfokftfage ort the sum 
hlveeted, what will my stock cost me ? 



m 



m 

110 
101 



8|33,330 



Here, the advance is added to 
the 100 on the right; whereas, in 
tiie question above, the 20 per 
cent, was subtracted from the same 
number. The one per cent, added 
to the 100 on the right, is not to 
ascertain the premium, but the whole price to 
which the stock is advanced ; and is iaentical 
Sivith Variety 1st, in Profit and Loss. 

From the foregoing considerations, we are 
justified in making the following 

SUMMARY OS DIRECTIONS, 

far caleukttiing bonus and premium onChmhiimany 
jBrokerage, ^ocks, ^c. 

To ascertain bontis, premium, 4^., Pla^ the 
amount of money, merchandise, stock, S^, on the 
right, for the demand: 100 on the l^, for the 
same name; and ike rate, bonus or premium, last 
on the right, for the term of answer ; the answer 
will be in the denomination of t?ie amount : or, 
suspend the 100 on the left, and cut off two figures 
in the result, for hundredths. Again : 

To find the sum of money to be invested, after 
the commission is deducted from a given amount, 
Proceed as in discount: and make the amount 
the demand: 100 vnth the per ceixt, commission 
or brokerage added ^ the same name ; and 100 the 
term of answer. The answer will be the sum to 
be invested. 

To ascertain premium, or setting price of stocky 
when effected by gain or loss on par, 

6 
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Place the number of shares ^ and ^ price per 
sluire, on the right: 100 opposite ; and 100 in- 
creased dy the gain per cent,, or, reduced by the 
loss per cent.f on the right: then, to ascertain the 
premium, place 100 on the left, and the rate on 
the right ; or, to ascertain the selling price of the 
stock, place the 100 on the left, as before, and 100 
cm the right, increased by the gain, or red/weed by 
the loss per cent. The answer unll be the price 
of the stock, including gain or loss, and brokerage. 



INSURANCE. 



Insurance is security against hazard or loss 
of property on land or sea , and is usually di- 
vided into two kinds : Fire and Marine. 

Fire Insurance is that which secures build- 
ings and other property on land:. Marine, 
which is from maris, the sea, is to secure vessels, 
boats, cargoes, <fec., on sea, or on rivers, lakes, 
&c. The propriety of insurance is found in the 
fact, that by a single accident an individual 
may lose his entire property, with little or no 
hope of recovery : whereas, if he pay a small 
bonus to an association, his losses may be 
restored to him, by the association paying him 
from a large common stock fund ; which fund 
is kept up by the bonus paid by each indivi- 
dual who insures. Reason dictates that it is 
better to pay a small share of our profits for 
certain safety, than saving it, to be continually 
subject to lose, not only the small sum so 
saved, but the entire capital on which the hope 
of all gain is based. 
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Property is insured in two ways : by corpo- 
rations, which are legalized associations of in- 
dividuals, with specific powers and privileges, 
based on a definite amount of common stock 
fund : and by individuals, according to private 
contract. Insurance effected in the latter way, 
is called, " out-door" insurance ; and is never 
so safe as the former, except when the insurer 
is careful not* to insure property to a larger 
amount than his personal property would in- 
demnify, in case of loss, on part of the assured. 

The instrument of vmting given to an indi- 
vidual as evidence of his insurance, is called a 
Policy : and the sum paid by such individual 
for insurance, is called Premium. The latter 
is always a certain per cent, on the value of 
the property insured. The agent of the com- 
pany, or the individual who signs this policy 
or contract, is called an underwriter. 

The question arises, what per cent, should 
be paid for the insurance of property? This 
is always according to circumstances ; as prop- 
erty is more or less subject to damage. Hence, 
insurers divide property into hazardous, not 
hazardous, and extra hazardous ; charging dif- 
ferent rates, according to the degree of expo- 
sure. These distinctions refer more particularly 
to fire insurance on land; as, in marine in- 
surance, there is but little difference in degree 
of hazard. 

1st: A stone or brick building situated re- 
tnote from other buildings, is, from its location, 
and the quality of material of which construct- 
ed, less liable to destruction by fire, than simi- 
lar buildings otherwise located ; or buildings 
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of a d;ff)?r^at material in th@ same plaice. For 
such, the rate of inaurance woujd be low. 

2d : Buildings in blocks, densely surroundedy 
where fire may communicate from one to 
another, and constructed of more destructible 
materials, being more hazardpus, are injured 
at higher rates. 

3d : Buildings devoted to purposes involving 
greater danger, such as chemical manufacto- 
ries, drug establishments, foundries, &c., being 
greatly exposed, pay yet higher, and extr^ 
rates. In some cases of similar nature, it is 
impossible to effect insurance at any rate. 

The unit of time for insurance on prpperty, 
is one year. Vessels and their cargoes are 
usually insured for the voygige. Coasting vpfii- 
sels are generally insured by the year ; being 
less liable to loss than out-sea vessels. Coast- 
ers are insured at rates varying from 3 to 8 
per cent. ; the? difference being the result of a 
state of peace or war in the vicinity. Whale 
ships are insured by the voyage, at from 4 to 
10 per cent. Insurance on goods, ships, stores, 
manufactories, chattels, dwellings, &c., varies 
from i to 2i per cent., per annum, acording to 
eifposure. 

The amount of insurance taken on property, 
is always less than the property is worth J and 
is generally not above I of its assessed value, 
This leaves still a partial degree of risk on the 
owner, as well as on the insurance compafiy, 
which keeps him awake to the safety of hia 
property. But were th^ whole value insurecj^ 
or an amount greater than this, it would be au 
inducement to some, to destroy their property, 
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for tb^ base purpose of convertmg it into 
money, or of realizing a amall profit on the 
capital inyested in it. Tbu3^ it becomes ne- 
cessary to insure a definite £unount, wbicb 
entire amount may be recovered, if it is shown 
lliat such an amount of property has been lost. 
But if les& than this amount is lost, the whole 
insurance cannot be recovered ; only a share 
proportional to the damage sustained. For 
instance ; if I insure property to the amount 
pf $1000, and lose one half of it, I can recover 
but $500 insurance. 

If by fire or other accident, a loss occurs to 
property, and does not exceed & per cent., it 
is sustained by the owner; otherwise, he 
might carelessly consign everything to wreck 
around him, knowing that the company would 
have to pay for repairs. 

It is supposed by some who have little 
experience, and less common observation, 
that if insurance companies can make money 
by taking risks, individuals certainly can by 
running risks; but nothing is more illogtcal. 
A company with a large common fund, may 
locate tiieir risks in a great number of places, 
BO that a loss in one place will be more than 
overbalanced by the gains in another; for it is 
scarcely reasonable to suppose that losses will 
occur simultaneously in a great number of 
places, and on the particular property insured 
by a pertain company. But suppose an indi- 
vidual lose all his property in one place : he 
is not likely to have enough in another to 
retrieve this loss by equal gains. And suppose 
he lose aU, which not unfirequently occurs, he 
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is prostrate ; his energies tied, whatever they 
be ; for his gain-producing property or element 
is gone. Now, as before said, which is better, 
that he save a little and risk the loss of all, or 
lose a little, and secure the safety of the 
balance? Common sense would pronounce 
the former insani^., in all cases of considera- 
ble hazard. 

Let the economical merchant in Upper 
Missouri invest his whole \vorth in a stock of 
goods in St. Louis, and ship them to Lexington 
without insurance. The boat is old and pretty 
well insured, and the owner would be willing 
to lose her, if by her sinking he would be 
enabled to purchase a new one; he sinks her: 
or, a good boat may be shattered on a destruc- 
tive stump, or burned: his goods are lost; his 
money gone ; and too, his friends, one by one, 
or en masse, have disappeared; what resource 
is left him of the earnings of former years of 
toil, but the peaceful shades of undisturbed 
poverty! He was too eager to be rich; 
whereas, had he insured, he might, on the 
recovery of his money, have reinstated him- 
self in business, at the defiance even of 
accident. 

Insurance, like other divisions of Arithmetic 
involving per cent., is wrought by Simple Pro- 
portion. One hundred, or per centum, is the 
given sum that gives a specified premium* 
Any other sum, therefore, will, as it is larger 
or smaller than 100, gain a greater or less sum 
of premium. For instance : . 
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VARIBTY FIRST. 

A building is insiired at the valuation, 2000 
dollars, at li per cent, premium. Now, it is 
quite evident that the li premium is gained 
by 100, or it could not be so much jpcr centum. 
The question may, therefore, be stated in 
proportion, thus: What premium will insure 
2000 dollars worth of property, if li dollars 
insure 100 dollars worth of property ? The de- 
mand is 2000, the same name uuu ^a^ g 
100, and the term of answer ^'^ ^^^ 

Ik premium. The answer ?|~ 

will be the premium for in- ' ' 

surance in dollars. The premium is $25. 

Again: what is the sum 
premium for insuring a coast- 
ing vessel worth 3000 dolls., 
at 7i per cent. ? 

What premium must be 
paid on a shipment of goods 
from New Orleans to Havre, 
worth 6,280, at 2i per cent. ? 

What is the annual insurance on a cotton 
factory worth 80,000 dollars, at % per cent. ? 



4^3000—5 

i\6 



«|226 
^—(400 0^^0 



167 



400 



9fO,O00— 2 
3 



It is perceived here, that 
the rate is placed last on the 
right; consequently, the an- 
sw^er is in premium. If the 
amount insured is dollars, the answer is 
dollars ; if cents, the answer is cents ; because 
if the demand is dollars or cents, we place 
100 dollars or cents opposite, and the premium 
must be a given sum on 100, of the same 



^ 



§(0,000 — 2 
3 
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denomination. We might obtain the same 
result in the cases above, by suspending the 100 
on the left, and cutting off two figures at the 
right of the result for decimals of dollariS or 
cents, as the case might be. Thus, in the la»t 

example : 

Here, we cut off the two 

decimals of a dollar, w^hich 
, are found on the right as the 

$|U00,00 consequence of suspending 

the 100 on the left. But when the rate is frac- 
tional, which is not unfrequently the case, we 
must, to multiply by it with facility, place the 
denominator on the left of the line. In cases 
of prime numbers, or of odd cents in the sum, 
it may be well to drop the 100, and place on 
the right, the sum and rate only. What is 
the premium on a whaler for the voyage, 
worth 9783 dollars ? 

The 100 could not be ea- 
sily divided by in this case ; 

«I684 81 ^^^^^y it i« dropped, and two 
* ' figures are stricken off for it 

in the answer. In fact, it may be said to be 
lised for the purpose of keeping up the pro- 
portional statement, more than anything else. 
A- wishes to purchase a coasting vessel 
worth 8000 dollars, and insure it for one year 
at 7i per cent. : what sum of money will be 
necessary to pay both purchase and insurance? 
This may be done in two ways : first, by find- 
ing the premium, and adding it to the cost of 
the vessel; 2d, by saying, if 100, cost price, 
amount to 107| cost and premium, what will 
SOOO cost, amount to, with premiuni? 



9783 

7 
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400 ^000 — 2 
^431 



•18620 



We find that the cost of 
this vessel, with the preminm 
added, amounts to 8620 dol- 
lars : hence we infer that the 
pretnium is 620 dollars. 

Questions such as the following frequently 
occur, when it is quite convenient and simple 
to combine statements. Purchased 18000 lbs. 
of cheese at 5i cents per lb., on a credit of 1 
year; but for ready money I am allowed 10 
per ceiit. discount. 1 ship the cheese to Nash- 
ville, and pay If per cent. insm'anc€f: what 
will the cheese cost me in Nashville, exclusivfc 
of freights? 

In this statement, we find 
the number of cents that the 
whole quantity of cheese 
comes to, by multiplying by 
5i or '^* cents: I then dis- 
count 10 per cent., by saying, what will all 
these cents be reduced to for present worth, if 
110 be reduced to 100? Having now the 
present cost of the cheese, we say, what will 
all these cents be advanced to, if 100 be ad- 
vanced to 101 J for insurance, and find that my 
answer is 915,00 dollars. The two figures are 
cut off for cents, because the price was in 
cents, and all the operations have been per- 
formed on cents. Were the freight in this 
case 10, 15, or any other rate per cent., it 
might be added to the 101 J, making 11 If, 
116 J, &c., which would be placed on the line 
as above. 






100 
306 



fj§l5,00 
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VARIETY SBCOm), 

In insurance, teaches the method of finding 
the rate per cent, at which an insurance is 
effected, when the premium and sum are 
given; as in the following: Paid 60 dollars 
premium for the insurance of a building, 
valued at 3000 dollars : what was the rate per 
cent. ? The question here is, what will be the 
premium on 100 dollars, or per cent., if on 
^3000 it is 60 dollars? Hence, per cent., or 
100, is the demand, 3000 the same name, and 
60 dollars premium, the term of answer. We 
wish the answer in premium, thus, 
^ . . - i dd ^® found by this, that the 

^rrrf^rr ^^^^ insured at is 2 per cent., 

which may be proven as 
follows : if 100 gains 2 pre- 
mium, what will 3000 gain ? 
The answer is here, 60 
dollars, the sum of premium 
first ascertained. This ex- 



^0—2 



[2 per ct. 

2 



$|60 

ample, proving the other, is wrought according 
to Variety 1st, in Insurance. From the nature 
and statement of the former question, it may 
be inferred that, 

To find the rate per cent, of InsuroTice^ when 
the value of the property and premium are gain,, 
Make 100 the demand: the sum insured, the same 
name; and the premium, the term of answer: the 
answer will be the rate per cent, premium. 

If a man pay 40 dollars per annum for the 
insurance of his house, worth 1200 dollars^ 
what rate per cent, does it cost him? 
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The rate is 3i per cent. ; for 
this is the price of insurance 
for 100 dolls, worth of property. . 

This question could be proven *'^ 

in the same manner as tiie one above. 






VARIETY THIRD, 



Is to find the sum insured, when the premium 
and rate are given. Thus, if I pay 90 dollars 
premium at 3 per cent., what is the sum 
insured? It is clear, in this case, that 3 doUs^ 
premium, require 100 dolls, worth of property; 
now, therefore, what will 90 dollars premium 
require? We consequently make the whole 
premium, the 90 doUsixs, the demand : the rate 
of premium, or per cent., the same name ; and 
$100, value of property insured by the 3 per 
cent., the term of answer. The answer is 
found, therefore, in amount of property, thus, 

We find by this, that the ^^ 3 

amount insured is $3000; iw""^ 

which may be proven by iisooo 

showing that the premium ' 

on this sum, at 3 per cent., is 90 dollars. ' 

Therefore, 

To Jind the amount of property insured^ when 
the rate and premium are given, make the whole 
sum paid for the premium, the demand : the rate 
per hundred, the same name; and 100 the term 
of answer. The answer will he the t)aiue of the 
property insured. 

An importer paid $700 premium, on wines 
imported from Madeira to Cincinnati, which 
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was H per cent, on the sum insored; how 
much did he insure ? 

We find that the cargo of wines 



^ 



70^2 

4 

100 



was worth $56000. This may be 

proven by finding the premium dii 

this sum at li per cent., by Variety 

$166000 ]gt^ ^ijich ^^^jld be $700: or by 

ascertaining the rate of premium by Variety 2d. 

VARIETY FOURTH, 

Is somewhat different. By it we ascertaih 
what sum must be insured on a specified 
amount of property, to recover both property 
and premium in case of loss. 

A. owns a coasting vessel worth $8400, 
and wishes to insure at 4 per cent., so that if 
lost, he may recover both the value of the 
vessel and the premium : what siim must he 
insure on ? While the rate of premium is 4 
per cent., nothing is plainer than that on a 
policy of $100, only $96 worth of property can 
be insured. Therefore, if $96 tvorth of prop- 
erty, be advanced to $100, property and pre- 
mium, the question arises, what v<rill $8400 
* worth of property be advanced to for both prop- 
erty and premium ? 8400 is the demand, 96 
the same name, and 100 the term of answer, 
thus. 



S)6 8400 O*^^ hundred here, is the amount, 
100 properly speaking, of the property 

A|Q,yert ^^^ premium ; therefore, the answer 
$18750 ^m ]^g g^gjj Q^ amount as must be 

insured on, to seciu-e both. Hence the result, 
8750. To prove this correct, we \^aU find that 
the premium on this sum at 4 per cent., is 
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$350, which subtracted, leaves the first value 
of the vessel. Therefore, we conclude, that, 

To find a snm to be insured that will secure 
bath properttf and premium^ in case of loss, make 
the value of the property the demand : one hun- 
dred^ reduced by the rate per cent,, the same name; 
and 100 the term of answer. The answer will be 
the value of the property after the premium has 
been reckoned arid aediLcted. 

Suppose I send to California an adventure 
of $19000 worth of goods, at an insurance of 
5 per cent. : what sum must be insured on, 
that in case of total wreck, I may gain both the 
original value of the goods and the premium ? 

Here, as in the case above, ^t ^^ 

95 is the sum of property which ^—?^ i S^ft 

requires for amount of property lOp 8 

and premium 100 : hence, we | $[20,000 
say, what amount of both will 
$19000 property require ?^ Thus, it is seen that 
20000 dollars worth must be insured. It may be 
proven by finding that the premium on 20,000 
at 5 per cent., is $1 000. This variety of opera- 
tion is precisely identical with that of finding 
the face of a note given at bank, to draw a 
specific sum. A similar process is used to find 
the amount to be collected by tax-gatherers, 
when it is desired to pay both the taxes and 
the commission on them. 

Life Insurance is reckoned as other insurance; 
being a stipulated per cent., according to the 
age and health of the assured. 

To find the amount to be ejected on taxes, to 
pay both tax and commission, proceed as in Variety 
4ih in commission, as above. 
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TOLLS. 

Tolls are charges made for the transportation 
of merchandise, &c., by canals, and railroads : 
and are generally a specific sum per mile, on 
the 1000 lbs., or the number of bbls., number 
of perches, number of feet, <fec., &c. What- 
ever becomes the standard of a given article, 
as 1 barrel, 1 cord, 100 feet, 1 perch, 1000 
pounds, &c., must be placed on the left of the 
Hne in working the question. For instance ; 
what will be the tolls on 14000 lbs. of flour, 20 
miles, at 14 mills per mile on every 1000 lbs.? 
2Q Here, we place down the num- 

ber of miles first on the right, and 
multiply it by the number of lbs., 
by placing the latter under the for- 
mer. The 20 times 14000 would 



1000 



14000 

14 



»|3,92,0 

be the whole number of lbs. to be carried 1 
mile : now, supposing this answer to be in- 
volved, we say, what will all of these lbs. cost 
on the right, if 1000 lbs. opposite, cost 14 
mills ? Here, the answer is mills, because the 
last on the right is mills. It would be in 
cents, if the price of the 1000 lbs. were in 
c^nts. Hence, one figure is cut off for mills, 
and the answer is $3, 92 cents, and no mills. 
What must be paid for the transportation 
of 18700 lbs. bacon, 60 miles, at 15 mills per 
1000 lbs. ? 



CANAL AND RAILROAD TOLLS. 



121 



4000 



60 

18700 

15 



Here, we may place the price 
in mills, and the answer will be 
mills ; or, $16,83, no mills. The 
same result might be obtained by 
calling the 15 mills 1^ cents, and 
placing it down as |, thus, 

Here, the answer is in cents, 
and we cut off accordingly. It 
is optional with the operator 
whether he place the price in 
mills or cents : but if in the for- 
mer, he must cut off, in all cases, one figure 
at the rights for mills. 



1000 



•116,83,0 



ji^0— 3 
18700 
3 



$|16,83 



What are the tolls on 800 bbls. 
flour, 80 miles, at 1^ cents per 
barrel ? 



)4 



?(0— 4 

800 

3 



•|060,00 



What tolls on 20000 lbs. salt, 
93 miles, at I cent per mile ? 



4000 



63 

20,000 

1 



•I 12,60 



What tolls on 192000 shingles, 
at 5 mills per 1000, for 20 miles ? 
The answer is 19 dollars and 
20 cents. 



1000 



192000 
1 



»| 19,20 



What tolls on 1200 cubic feet 
undressed stone, 40 miles, at 4 
mills per perch, of 25 cubic feet. 



*A 



40 

1200- 

4 



«|7,68,0 
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id 9 

ickj 3000 What are the tolls on 3000 cubic 

^3 ^^^^ of lumber, at Ij cents per 100 

feet, for 18 miles ? 

•18,10 

What are the tolls on a pile of wood, 200 
feet long, 40 feet wide, and 8 feet high, for 60 
niiles, at H cents per 100 feet? 

Here, it is unnecessary to multi- 
ply together the 3 dimensions of the 
pile of wood : while the placing 
of the several numbers on the 
right, will indicate the same. We 
might call these three dimensions 
64000 feet of wood, and use, on 



60 
i00^ 
40 
8 
^3 



1 676,00 

the right, only 60, 64000, and |, which would 
produce the same^ result. 

It frequently becomes necessary to reckon 
tolls, when it is not convenient to go through 
with tedious multiplications and divisions : 
hence, the necessity of combining several op- 
erations, as above, in one statement. From 
the foregoing we conclude, that. 

To ascertain totts on merchandise, Place the 
distance in miles, and qvxintity of freight in lbs., 
feet, 4*^., unth the price, on the right; and the 
standard measure, of the specified article affreight, 
on the left: that is, iftoUs are charged per 1000 
lbs., place 1000 on the left : if on 100 feet, piace 
100 m the left, ^. 
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COMPOUND PROPORTION. 

We liaye seen that a* simple proportion i$ formed 
hy the combination of two equal ratios ; hence, a Com» 
pound Proportion is formed of two or mare of these 
simph proportions, instead of a compound and simple 
faHOf as is said by some authors. In bobm oases, as 
in the following example, the eompoiiBd proportion is 
formed of the tiro eojnhined ratios of the canseB, and 
the one ratio between the effects ; but when there are 
more terms in the effect than one, it is found necessa** 
ry to ascertain a number of ratios, as well in the ef* 
fects, as in the causes; so that in 9ueh oase^ 
the compound proportion would be composed of two 
compound ratios, instead of one compoimd and one 
simple, 

It may be shown, as in the question following, that 
by two or more statements in simple prc^ortion, we may 
easily ascertain the result of a compound question. 

If 4 men in 8 days mow 12 acres of grass, how 
many acres will 8 men mow in 16 days? The first 
statement is, as 4 men to 8 men, so are 12 acres to 24 
acres : the second, as 8 days to 16 days, so 24 acres 
to 48 acres. Thus, how many acres will 8 men mow, 
if 4 mepi mow 12 acres? j . ^ 

12 



The answer is 24 acres. 



^ 



24 



Again : How many acres will 16 days vrork ^ye, if 
S days work give 24 acres ? 

The answer, 48 acres, is thus obtained by ] ^ %^ — 2 
two separate and easy statements. Here 24 
it is seen, that in each of the two ratios, w« " To' 
have made a proportion; which proportion 
has in each case shown an increase in the number of 
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acres, until this number has become as great as if 
originally multiplied by the two ratios combined, which 
make 4; thus, 4 : 8 gives 2, and 8 : 16 gives 2, and 
twice 2 are 4, the combined ratios. Now the 12 acres 
multiplied by this ratio 4, becomes 48 acres, as 
before. 

In compound proportion there are always five terms 

fiven to find the sixth, seven to find an eighth, nine to 
nd a tenth, eleven to find a twelfth, thirteen to find 
a fourteenth, fifteen to find a sixteenth, etc., etc. 

In a compound, as in a simple proportion, the two 
mean terms are always equal to the two extremes. Be- 
cause there may be ten, twelve, or more terms in a com- 
pound proportion question, is no reason that the theory 
and the governing principles of the question are any 
the less the doctrine of means and extremes, than if 
there are four terms only. All of these several terms 
must be so classified that they can be united in four 
distinct bodies ; which four bodies become means and 
extremes of proportion. The great difficulty with 
most authors on arithmetic has been to systematize 
this classification, so as to present it as a general 
truth. This classification depends on the relations of 
cav,$t and effect ; and although many years since a 
European writer, Dr. Lardner, discovered that these 
causes and effects were the great Joci in the state- 
ment of such questions, yet no system of bringing 
them together, or into their appropriate connection 
and place, was discovered, by which their use could be 
availed. It has been so in all sciences. Many bril- 
liant practical and useful axioms have been discovered, 
that have lain dormant in neglect, merely because tb^ 
modus operandi of their application did not accom- 
pany the discovery, so as to give it efficiency. 

"We shall, therefore, consider. 

First — TA« principles involved in Cause ani 
Effect : 
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Second — The application of these principles; and, 

Third — The form of statement according to the 
necessities of their relation, so as properly to avail all 
the benefits of cancelation in their reduction. 

Causes are auythii^ that inyolve action, or implj 
capacity ; and which in their action, or the contents 
of their capacity, produce effects. Action always 
conunences in a life-giving principle; pursues some 
regular medium; and invariahly shows some effect 
when it ends. Capacity, or Geometrical extent, in- 
stead of producing any effect, merely exercises an in- 
fluence oyer effects. It produces nothing, because it 
has no action; this action being alwayis essential to 
the formation of an object. Geometrical extent per- 
tains to containing, circumscribing, or oonsuming ef- 
fects; and, a9 such, is not an active, but a passive 
cause. 

The principles in Cause and Effect pertain strictly 
to matter; and, as such, admit of no subdivision. 
They form simply the two categories of the produc* 
iTig and the produced : the agent and the object. 

The medium through which causes operate to pro- 
duce effects cannot be real or material ; has no parts, 
and is only imaginary. It is like a ray of light shoot- 
ing through the aperture of a window of a darkened 
room, and leaving a brilliant spot upon the wall. The 
bright spot is the effect ; the sun, the cause ; the space 
between them being only a straight line, conceivable 
and imaginary, though without parts. A house that 
has been built by a man is the effect, while the man 
is the cause. No relation exists between these but 
the builder and the built. It may be urged that there 
are instrumentalities necessary to enable the cause or 
agent to do this work or produce this effect. A pro- 
per analysis will show, however, that these instrument 
talities should be merged into their prime causes, and 
become part of them. It would be said, that in 
9 
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bttildmg the house, tools were the iBstrumeiLti ; but a 
little reflection will guggest that these are used only 
to give the hands more efficiency^ and facilitate the 
execation of the work. So the trath is resolved hack, 
that the man is the plastic cause that conforms and 
molds to his own taste ; and the honse, the object 
mftde. 

Ancteni philosophers divided and sabdiyided these 
s^ncies and effects, in actual and material operations, 
into ten or twelve different categories; but these are 
botb useless and unreasonable, and tend greatly to 
confusion ; while the practical fact recurs, that all ob- 
jects in nature are directly, either causes or effects. 

Causes implying aeiion as well as capacity, and 
causes definitively speaking, being active and endowed 
with lifb, we conclude, that 

FiBST — All animate things are causes. Hence we 
say, active causes are men and animals. When we say 
men, we include the whole human race — men, toomen^ 
and children. These constitute a higher order of 
causes, being endowed with reason ; and may, there- 
fore, be called intelligent causes. When we say ani- 
mals, we refer to every lioing, momng, creeping, jly^ 
ing thing that God has made. Such may be classed 
among active irrational causes. 

Capacity being considered cause, we conclude that 

Seck)nd — All time is cause ; that is, every conceiv- 
able subdivision of time, as centuries, generations, 
years, months, days, hours, minutes, seconds. Time, 
within itself has none of those active powers that can 
entitle it to the name of an efficient cause; but it 
seems to be co-efficient, from the fact that it gives ex- 
tent or capacity in which active and operative causes 
may produce effects. This capacity, or sphere of ac- 
tion, it will be shown, is as essential to the existence 
of the effect as the cause itself; though in a seoondary 
degree in point of production. 
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Geometrical extent is not nnfreqneDtly tlie bounds 
determiDiug the extent of matter consumed or tused; 
and hence the occupation of the yacumn or limit, de- 
pends on its prescribed limits Hence we conclude^ 
that, 

Third — Geometrical extent is sometimes a cattse, 
and sometimes an effect : a cause when no more osten- 
sible or efficient cause is found in the question ; and 
an effect when the dimension of something produced 
by an efficient cause. 

For instance: it is a cause when, as in makung 
cloth, etc., a certain number of yards in length and quar- 
ters in width consume a given quantity of wool : it is an 
effect only when the dimension of something produced ; 
as the length, width, and hight, of a waU, etc., built 
by a given number of men, etc. In the latter case, it 
is an effect, because the work is effected by active 
causes, such as men. As the dimensions of a wall, 
this extent might be a cause; as in determining the 
quantity of stone consumed in its construction. 

Anything representing active endeavor may be caU- 
ed a cause : hence we conclude, that, 

FoiTRTH — Ca/pital is a cause, when it produces in- 
terest ; because it has delegated to it all the productive 
and cumulative capacities of active individual effort. 
Capital may be said to be a cause only when it produces 
interest. There are, however, instances in which a 
sum of money becomes a cause ; but only on similar 
grounds to that of gaining interest, as the representa- 
tive of active powers. It is only in transferring ac- 
tion to the object that the object becomes a cause. 
When this is done by conventional usage, as in the 
case of interest, where the laws give this quality to 
capital, it may be called a relative cause, 

it is a self-evident truth in common sense, that a 
Cfert'ain iHimber of separate causes must produce the 
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same number of separate effects : or that the extent 
of the effect is greater or less, as the cause is greater 
or less ; and that the quality of the effect depends on 
the nature of the cause ; or as the change is, in the 
cause, so must it be in the effect. 

That causes always exist before effects are pro- 
duced ; and that no effect can be produced without a 
commensurate cause; and that causes, a$ causes, 
always produce effects, are alike self-evident and 
reasonable. 

The cause occupying one position and the effect an- 
other, thus, 

Causb Efpbct, 

and the space between them being an imaginary line, 
no one can doubt that they are as directly opposite 
in their nature and relations as east and west ; right 
and left. Nor; will it be disputed, that if from the 
cause we pursue a giyen direction to find the effect, wo 
must, in returning from the effect to the cause, trace 
back the tine by which we first sought the effect. 

We know that the united energies of any number 
of causes, cannot in a natural operation produce more 
than one effect at a time : otherwise it would be ne- 
cessary for them to operate in two directions at the 
same time, which would be impossible ; for as unity of 
cause produces one thing, so, whatever produces more 
than any one thing at the same time, must be more 
than one train of causes. But, as no object can be 
encompassed or circumscribed by the direct operation 
of any one other object, influence, cause, or thing, so 
no one cause, or agent in the sum of cause, can, unaided 
by another agent, produce an effect. 

Alfhough men may be considered one of the most 
active species of causes constituting the sum of causa- 
tion, yet, the 8 men, above would never, of themselves, 
mow 12 acres of grass \ for, however active they may be 
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as one element of eausation, yet their powers miut have 
some sphere of action; and this sphere is time. So 
that when we combine the energies of the men with 
the capacity of the time, both together constituting a 
community of endeavor, are enabled to encompass or 
effect the desired object. Any one thing by itself as 
a unity is inoperative; but when multiplied into some* 
thing elsey cumulates or expands in the ratio of 
squares. It is this expansion of the combined raer* 
^ies of causes that enables them to eneompasa effects; 
and it is the necessity of this, which prevents any one 
bare agent in a canse producing any effect by itself. 

It may be said that certain chemicals produce pow- 
erful effects by their lone agency : this, however, can- 
not prove the position, that any one essential element 
of cause can produce an effect ; for whenever any chem- 
ical effect is produced, it is the consequence of the com- 
bination of different essential elements, within the 
chemicals^ or in the air, which is the medium of 
operation. Hence, different effects are produced by 
the combination of different elements; the combined 
effort being the parent of the inception. 

From the foregoing we may safely conclude, that 

Causes are 

Men, 
Animals, 
Time, 

Capital, or 
Medium : 
Or, whatever produces an effect. 

Every problem in Compound Proportion, and in 
Simple Inverse Proportion, is composed of its. terms 
of supposition, and its terms of demand ; and every 
supposition and every demand has in each, causes and 
effects. 

These causes and effects we will ^deavor to olas« 
sify, so as to form a rational and philosophical state-' 
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nenty which will, at the same time that it is clear, b« 
tmencuinhered with those varied immanageable depen- 
dencies of terms, common to the old form of stiftte- 
ment; while it will be general in its applica- 
tion, and susceptible of all the abbreviation prac* 
ticable in cancelation. Some of the old works hay« 
indeed canceled some little in thid department of arith- 
metic; but not to any v^y useful extent, by reason of 
having no sy0tem of arranging all of the terms so as 
to assume the form of dividend and divisar. This is 
the great desideratum, so far as canceling is concern- 
ed, in all modem works that pretend to use it, in any 
oth^, as well as in this department of numbers. 

The student has to analyze and state a question 
thoroughly, before he can determine what terms are 
divisors and what dividends. He can have, therefore, 
no regular or unique system of statement; and is 
»t all times necessitated to hunt up dividends and 
divisors merely as such ; whereas, by this method, he 
bas the well-defined landmarks of cause and ejfect, 
and states according to the ttco great and infallible 
directions that nature has given him, in all created 
things. 

In the following problem we will assign to causes 
and effects their appropriate places. 

If 4 men in o days mow 12 acres of grass, how 
many acres will 8 men mow in 16 days ? 

We write the su|^offltion first, and then the de- 
mand, and draw a line under each ; thus, 

men. days, acres. men. days. Acre^. 

4 .. 8 .. 12 — 8 .. 16 .. 



A short line is likewise drawn under the causes bolii fa 
the supposition and demand. Here 4 men and B 
days are the causes in the supposition, and 12 acres 
the sieot : ua the demand, 8 men and 16 days are. the 
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ISl 



eatuiefi, while a cipber or blank indicates tbe place of 
Acres, wbich is tbe term in which the answer is 
^^mandecL 

We now 4raw two vertical lines near eaeb other ; 
l;he left for the supposition an} the right for the de- 
mand. On the left side of each line we place causes^ 
ttid «n the right, effects ; thus, 

€AUS£* EirraCT. OAIZSE. JEivaoK 



SuppesUion, 



Demand. 



IThe left being the line of supposition, we write 
mipposition under it ; and the rigl]^ being the line of 
demand, we write demand under it. Now, aH of the 
causes in the supposition are placed on the left side 
of the left lint, and all of the eJSiects on the right. 
All of the causes in the demand are placed on the left 
side of the right lin>e, and their effects on the r^ht. 
It appears in this question that we have no effect ia 
the demand ; consequently, a cipher is placed on the 
right, to show that it is ^deficient, and that the answer 
is required In this term ; thus, 

It is perceived here, that the cause 
yj that produces the 12 acres, is divided 
into two parts, men and days; but 
these taenand days are placed together 
on the «ame «ide of the line, tl^t theor powers m&y 
l)e combined by mtultipHcation ; thus rendering then 
unique as a cause. The same is the case with the two 
oauses on the other line. Therefore, we mayimultiply 
the two causes into one, in each separate case. Four 
times 8 In the first, make 32, combined cause ; and % 
times 16 in the second, make 128, a similar combina- 
tion. Instead of placing, as above^ the separate &e^ 



c. 


s. 


c. 


4 


12 


« 


% 




16 
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32!12 128 

I 



tors of each cause on the line, we may place ibeir 
product; thus, 

r. Here it is perceived, that wtt 
have three terms of a proportion 
given to find the fourth; that i^, 
the two mearu and one extreme, to find the other 
extreme. Now, we know that if these two ineaB9 
be multiplied together and divided by the given ex- 
treme, the other extreme mSl be found; which, too, 
will be the required answer. The' question, as now 
stated, appears to be, as the cause, 32, is to the cause 
128, so is the effect, 12, to the required effect, 48 ; or, 
as the first cause is to the first effect, so is the second 
eause to the second or required effect.* 

This proportion may be transposed as other pro- 
portions, into eight different forms or readings; the 
causes and effects being the terms. When either the 
means or extremes are multiplied together, they are the 
product of one cause and one effect ; and this product 
IS divided by the given cause, to find the required ef- 
fect ; or by the given effect, to find the required cause* 

But suppose this question be changed and proven, 
by saying : If 4 men in 8 days mow 12 acres of gass^ 
in how many days will 8 men mow 48 acres? Here, 
4 men and 8 days are causes in the supposition, and 
12 acres the effect ;. 8 men and blank (0) days the 
causes in the demand, and 48 acres the effect ; thus, 
jQ We perceive that it takes both men 
and days, two causes, in the supposition, 
to produce the effect, 12 acres ; and in- 
fer that two similar causes should exist in the de- 
mand, to produce the one effect, 48 acres. In the de- 

* We do<not allndfrhere to the speoifio ratio between the canses and their 
•flfects ; we onljr refet to their categorical and re^Iai bearings. Strictly 
ipeaking, there is no ratio between canse and effect, except that accident 
ftal ratio which depends npon th» natvr* of things, in their nnclassified and 
irregular statcF. We desire to discard this forced, and irregular, and cir> 
••mstantial connection or ratio, and place propOEtion oa its tme basisy-rap- 
tiabstwMftthingjithatara alik^w 
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mand only one of these causes is found; henee, the 
caose is deficient; that is, one of the terms of the 
means is deficient; and a member that is necessary to 
constitute the causation, producing the effect, 48. 
Hence, while all of the extremes are multiplied to- 
gether for a dividend, the product should be divided 
by all of the remaining means to get the required 
mean. We know that 16 days is the answer required. 
Now, the product of the extremes is 4x8x48=1536, 
which, divided by the product of the means 12x8= 
96, gives 16, the number of days required. Thus, we 
might drop any one of the terms, of either the means 
or extremes, and ascertain it, by dividing the product 
of the other two, by the remaining terms. 

The deficient term, or that in which the answer, is 
xequired, is always either a cause or an effect. This 
deficiency must always be indicated by a cipher. It 
never falls on either side of the left, or line of 
supposition ; because the supposition must in all cases 
be perfect, and have, consequently, no deficiency; but 
it is always found on either the right or left side of 
the right line, as the term wanting may be an effect or 
a cause ; for this demand is always deficient ; and it 
is this deficiency which makes it a demand, by asking 
what will supply it ; while the operation is performed 
for no other purpose than to supply it. 

To be certain that the blank, or cipher indicating 
the deficiency, is located correctly, we must consider 
whether tbe answer desired is a cause or an effect. 
If a cause, the blank is placed under the head of 
cause, on the left side of the line ; if an effect, it must 
be placed under the head of effect, on the right side 
of the right line. Or we may count the number of 
causes on each Hue, and if they be equal, the defi- 
ciency is an effect. Again : we may count the num- 
ber of effects on each line ; if they are not equal, the 
deficiency is found; if they are equal, the deficiency 
mast be among the causes. 
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After plaohig all of the terms in the qoestiou on 
the two lines, according to the directions given aboye, 
notice whether the blank falls among the mean terms; 
that is, between the two lines ; or whether among the 
extremes, or terms outside the two lines : if it fall 
among the inner terras, all of the inner terms must be 
placed on the left side of the vertical line, or line of 
ratio, on which the question is to be wrought: if 
Among the outer terms, a)l of the outer terms must be 
placed on the left of this line. This is based on the 
principle of dividing by the mean or extreme, as the 
one or the other may be deficient, to aseertain the 
deficient term. Being thus stated, the question may 
be canceled as in other cases. Let us now recmr to 
the first question : 

If 4 men in 8 days mow 12 acres, how many acres 
will 8 men mow in 16 days? and state it thus, 

Here we inclose the mean terms en- 




tirely, which are J 2, 8, 16, that they 
may be clearly distinguished from the 
extreme, which are 4 and 8. The blank falling on the 
outside, the outer terms become the divisors, and the 
inner terms the dividend, and are placed on the 
right; thus, 



^ 



fe 



Eight equals 8 ; 4 into 12, 3 times, 
and 3x16=48 acres, the answer. 

48 acres. 

We now resume the second question, which will 
prove this correct. 

If 4 men in 8 days mow 12 acres of grass, in how 
many days will 8 men mow 48 acres? 

Four and 8^ are the causes, in the supposition, and 12 
the effect ; 8 and blank the causes, in the demand, and 
48 acres ^he effect. After stating the question, thus, 
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4 

8 



12 



8 





JO it is seen that the blank is among the 
means ; hence, the means, 12 and 8, be- 
come the divisors, and are accordingly 
placed on the left ; while 4, 8, and 48,^b6 extremes, are 
placed on the right of the line, where the dividend ii 
always placed ; thus, 

4 

^■f Days being ike deficient iwvK, the «tt- 

swer 18 16 days. 



i 



lA^-^ 



16 da. 

Again : If 4 men in % days mow 12 acres, how 
many men will be required to mow 48 acres in 16 
days? 



4 

8 



12 




16 



48 



f^i^^ 



^t^L^ 






8 men. 



Here, a^ain, the mean terms be- 
come the mvisors. Hence, 8 men, 
the answer. 

Again : chan^i^ the sfmoflitioiL «ad demftod. 
If 8 men in 16 oUtys mow 48 acres, how maay aeiM 
win 4 men mow in 8 days? 



8 
16 



48 



4 

8 



4^^ 



ffM-^ 



'4 



12 acres. 



In this instance, one of the 
terms of supposition is dropped, 
which makes it deficient; it becomes, consequently, 
the demand; while all of the terms of the former 
demand are supplied; making the demand, in its 
turn, the supposition. Hence, the reason for placing 
it on the left line. The answer is 12 acres. 

Again: K 8 men, in 16 days, mow 48 acres of 
grass, in how many days will 4 men mow 12 acres? 
thus, 
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8 
16 



48 



4 




12 



^ 



*4 



8 da. 



The first question has now been 
proven in aU of its terms; showing 
conclusiTely the similarity between the two causes, and 
the two effects, as the four terms of a proportion. 

Haying presented the foregoing rationale of Com- 
pound Proportion, we will now state and solve a num- 
ber of problems involving all of the varieties com- 
mon to this department ; that in them the reader may 
have a sore gmde to the solution of all similar ques- 
tions, occurring either in theory or practice. 

If 4 men, in 8 days of 10 hours long, mow 40 
acres of grass, in how many days of 12 hours long 
will 15 men mew 60 acres? 



4 

8 
10 



40 



16 



12 



60 



^^4 
^U0-2 



2|da. 



Here, the different lengths of the 
days are expressed by the hours, as 
causes, in each case. Hours have, therefore, assigned 
to them the place of cause, as all other causes of time ; 
and cooperate with the men and days to produce the 
effect, by extending the time or sphere of execution, 
and defining its limits. The answer is 2| days. 

1£ 4 men in 20 days of 8 hours long, build a wall 
400 feet long, 32 ft. wide and 5 ft. high, in how many 
days, 15 hours long, will 6 men build another wall, 
300 ft. long, 80 feet wide, and 30 feet high? 

While 4, 2, and 80 are the causes in the supposi- 
tion, 400, 32, and, 5 are the dimensions of the effect, 
which, properly considered, is a unit. In both cases, 
supposition and demand, these dimensions are made 
the effect, and we proceed with the work as hereinbe- 
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fore described. The answer being required in days 
the blank comes under the head of cause, to show it. 
Hence the mean terms are the diyisors, and the an- 
swer is a term of cause, 80 days. 



4 


400 


6 300 


20 


32 


80 


8 


5 


16 30 






m 

80 




80 



TwQ ciphers equal two ciphers; 8 
times 4 equal 32 ; 6 times 5 equal 30 ; 
3 into 15, 5, and 5 times 4 equal 20; 
the answer is 80 days. Now, let us 
prove this question by using this answer, and drop- 

?ing some other term; the 80 feet wide, for instance, 
^he question will be as follows : 

If 4 men in 20 days of 8 hours Ions, build a wall, 
400 feet long, 32 feet wide, and 5 feet high, how wide- 
will that waU be, the length being 300 feet and the 
hight 30 feet, which 6 men, in 80 days, 16 hours long, 
will build 7 

300 ^0 



4 


400 


6 


300 


20 


32 


80 





8 


5 


16 


30 



^0 
40 



32 

^0 
i^~8 



851 ft. w. 



Here it is seen that the blank 
comes under the head of effect, one 
of the dimensions of the w%.ll, which 
causes us to divide by the extremes. 

The following question involving fractions may be 
as easily disposed of ad the others. We will simply 
place the mixed numbers on the two lines of supposi- 
tion and demand, without reducing them, until they 
are brought to the line of ratio; when, after being re- 
duced as in other cases, to improper fractions, the nu-* 
merators will occupy just such position as if they 
were whole numbers, with their respective denomi- 
nators oppodte them. Thus, the question will be 
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reduetd to tUe lorm of whole numbers, avouling the iiu- 
tuoious traotioual difficulties which usually render such 
solutions too complex to be interesting to the general 
reader. 

If 5 men, in 7^ days of 12^ hours long, dig a ditch 
400 feet long, 4 J feet wide, and Gj feet deep, how 
many men will be required in 20 days, 6f hours 
long, to dig another ditch 640 feet long, 3} feet wide, 
an< 

m 



i^ 


' feet wide ? 




5 


500 


640 


12* 


^ 20 

6i 6f 


3i 



We have placed all of the inner 
terms on the left, and all of the 
outer terms on the right, without 
observing any particular order as 
to which should be placed on the 
line first. 






fif 



8 



16 



16 



Men. 1} 

If 6 men in 10 days, 8 hours long, dig a ca- 
nal 200 yards long, 80 yards wide, and S yards deep, ■ 
in how many days of 12 hours long, will 6 men dig an- 
other canal 300 yards long, 40 yards wide, and 16 
yards deep, supposing the difficulty or density of the 
soil to be, in the latter case to the former, as 6 to 2 ? 

It is palpable, that 2 degrees density of soil must 
be placed, among the effects of the supposition, to 
determine the extent or difficulty of the effect to be 
produced; while, for the same cause, 6 degrees of 
density are placed among the effects of the demand. 
The same results could be obtained, if 2^ were placed 
among the effects of the demand, or | among those 
of the supposition ; in this instance, however, the sym* 
metryof the terms would be lost, and the statement i» 
made according to the first suggestion; thus, 
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6 
10 

8 



200 
80 
3 
2 



5 



12 



300 
40 
16 
5 



6 

12110 

8 



200 
80 
3 
2 



300 
40 
16 
5 



We find in Cofliponnd Ptaporfcion 
many conditksis that can be appended 
to qnestiona^ which ordinarily render 
them apparently very complex; but 80 da. 

these conditions may be disposed in the most sunmia- 
ry and natural manner, by assigning to the terms repre- 
senting them, their proper places as causes and effects. 

How long will 8100 lbs. of bread serve a earriaon 
of 100 men, if 900 lbs. are consumed in 50 days by 
20 men? If, in this instance as in all others, indi- 
cates the supposition, which is 20 men, 60 days, and 
900 lbs. of bread ; while the demand is 100 men, 
days, and 8100 lbs. We state as in other cases ; re- 
membering that whatever the language in which a 
problem is stated, whether the men eat, or whether 
the bread is consumed, — ^whether the demand or sup- 
position be given first, we must transpose the ques- 
tion, until it is brought before the mind in its proper 
bearings ; and then state according to common sense. 
Some would think, at first sight of this question, that 
because the pounds of bread served the garrison, these 
pounds must necessarily be the cause, and the garrison 
the effect. Such must consider, and ask in what 
term the greater action exi&ls; whether in the bread, in 
supplying or being eaten, or in the men, by eating and 
consuming it. The latter implies action; while the 
former is only subject to action, and as an object in 
its passive form, becomes an effect, 



20 
50 



900 



10018100 

0' 



^00 



20 
50 

90 dftjg. 
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K 60 horses in 20 days consume 15 bushels of oats, 
how many horses will 600 bushels feed 120 days? 

Horses become the deficient term ; hence we divide 
by the inner terms, and find that 400 horses will con- 
sume the 600 bushels in 120 days. 



60 
20 



16 



600 
120 



m 



00 
jiO 

000 



This question, as well as the fore- 
going, and all that will follow, maybe | 400 
proven in as many different ways as there are differ- 
ent terms given in the supposition and demand. 

If 400 musquitoes, in 30 nights, 15 hours long, 
raise on an animal 60,000 lumps, j- of an inch in diam- 
eter and \ inch high, in how many nights, of 10 hours 
in length, will 800 musquitoes be required to produce 
50,000 lumps, A of an inch in diameter, and ^^ of 
an inch in hight r 

Here, the number of lumps, their diameter, and 
hight are the effects, in each case ; while the musqui- 
toes, nights, and hours are the causes. We state 
accordingly. 



400 
30 
15 



60,000 



1 

¥ 
I 
8 





800 

10 



50,000 



1 



In this question numerous other 
conditions might be added: it 
might be said that the warmth of 
the night, in the one case, was to 
that of the other as a given ratio : 
also, it might be said, that a cer- 
tain ratio of difference existed between the two sub- 
jects operated on, as to adhesiveness of material, etc. 
AH of these conditions would be legitimate in such 
questions, at least in theory. 

We now come to the consideration of questions in 
which the causes that produce effects, instead of being 



800 


400 


10 


30 


60,000 


15 


1 


4 


1 


8 




50,000 


16 


9 


20 


1 




161 ni. 
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active, are merely pasmve; with an efficiency dele- 
gated, rather by the attendants, and controlling cir- 
camstances and onstoms of the day, than any inherent 
or vital principle of action. 

Capital and time are causes in the production of 
interest, not because they have any active powers that 
would enable them to encompass or accomplish this 
object, but because pttdlic common consent grants thai 
capital may, by representing individual effort, be 
supposed to do this; and this supposition or permis- 
sion of the thing, is equivalent to the act or &ct, 
** other things being equal," so far as matters of com- 
mon consent are concerned. 

If I lend my friend, in his need of money, 0200, for 
20 days, and he agrees to render me a similar accom- 
modation when necessary ; and when my occasion re- 
quires it, he has only $150, how long must I use this, 
sum to remunerate me for the loan of the (^200 ? 

The question appears to be this : If 0200 in 20 days, 
render 1 accommodation, in how many days will $150 
render 1 accommodation? The 200 and 20 are the 
causes in the first case, and 1 accommodation the ef- 
fect; while, in the other, 150 and days are the 
causes, and, as before, 1 accommodation the effect. 
State as follows: 



200 
20 



150 




150 
1 



200 

20 

1 



26| days. 



Hence the answer, 

The pupil wQl notice, that in the foregoing propo- 
sition the effects ar^ equal; that is, the effect in the 
supposition and den^and is the same, or common. We 
shall have occasion to use this fact in our remarks on 
Inverse Proportion; for it is easily seen, that if the 
one effect equals the other, they can both, as terms, be 
dispensed with : hence, in the statement of th^ ques^ 
10 
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tlen ^vitt^oat theip, we would find eslj thr€^ isniif 
giyen for ^acertaining the fourth; and this WQul4 
vaake it a eimple proportion. 

Let a few other questions be now presented, in 
which capital is cause, and which will teach the pupil 
the very important method of finding principal, tim^ 
and rate in interest. We will find, first, the interest 
on $200 for 8 months^ at $6 gain on the $100/ or 6 
p^ cent.; and here, as in other cases, we must have a 
supposition, which, if not given in the question, mus^ 
be taken froin legally-established custom. We §^, 
therefore, 

K $100 dollars, in 12 months, gain $6 interestip 
what interest w^ $200 gain in 3 months? 

The causes in the supposition are $100 and !^2 
months, while $^ interest is the effect ; and in the der 
mand $200 and 8 months, while t}xe ef eot is wa^tiiji^ 
State as follows : 



100 
12 



6 



200 
8 










^. 



8 



Bint. 



We find the sixth term $3, which 
1$ the effect; showing that, tf $100 
in 1 year gain $6 interest, twice this sum, V | the 
time, will gain ^ of 6, or $3 interest. 



TO ?IND THE PRINCIPAL IN INTEREST. 

Having ascertained the interest, let us now find the 
capital that in 3 months would produce this intei^est. 
To do this we make the following statement : 

If $100, in 12 months, gain $6 interest, what suip 
of capital will gain $8 interest m 8 months? thutf, 



100 
12 



6 




3 



Our answer is $200 capital, which 
is correct ; because at the ^?e^ 




^ 



100 



$1200 prin. 
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i»l« per oent. it has just gained, in the time ipeeified, 
tlie ^3 intereit. H^e, it hag become neceasary to 
assume the standards of per centum and per 
ui imbesreffty for sopposition. 



TO mn> IHB TIMS XN XNTXRXST. 

Changing the statement, it may be well to find the 
time in which ^200, at 6 per cent., will gain ^ inter^ 
est : and when we say at 6 per eent, we assume that 
ftlOO, in 12 months, 360 days, or 1 year, gains this 
06. Thug, the statement : 

If (^100, in 12 months, gain 06 interest, in what 
time win ^00 gain 03 interest ? thus, 



100 
12 



6 




200 



3 



The answer is 3 months time. 

This answer may again be changed so as 



3mos. 



TO FIND THE BATS OF INTSBXST. 

It is only necessary now, to complete this series of 
proofs and proportions, to ascertain the rate at which 
money is lent, when a certain sum has gained another 
specific sum of interest. We commenced in the ques- 
tion, by saying, that the rate per cent, was 6 ; and 
have used this rate in the statement of the supposi- 
tion with which it is connected. It is now desired 
to find this 6 per cent., per annum. When we say 6 
p$r unty per annum, we mean 6 on the one hundred^ 
for or by the one year, or 12 months. It cannot be 
denied, that this 06 was gained by the 0100 in one 
year, or 12 months. The former supposition, "K 
IQO in 12 gain 0," now becomes the demand; one of 
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its terms, the 6, being deficient. The former demand, 
therefore, now beoomes the supposition, and is as 
follows: 

If (^200, in 3 months, gain ^ interest, what in- 
terest will ftlOO, or per centum, gain in 12 months, or 
per annum? 

The answer will certainly be the sum that the $100 
in 1 year would gain ; that is, $6, which proves it 6 
fer cent, per annum. 



200 
8 



100 
12 







fi^]L0p 



4^4-2 
3 



6 per ct. 



We may in a similar manner find the rate at which 
interest has been gained on a given principal, and for 
any given time, by saying, if such principal, in such 
time, gain so much interest, what interest will $100 
principal sain in 1 pear, 12 months, or 360 or 365 
days, as the case may be; for, if the time in the sup- 
position be in years, 1 year must be used in the de- 
mand: if in months, 12 months in the demand; and 
if in days, 360 days. For example : 

If $60, in 120 days, gain $1} interest, what is the 
rate per cent, per aDuum ; or, what will $100 gain in 
360 days? Thus, 



60 
120 



H 



100 
360 







440 ;af00- 



$ 



-3—2 







In the question preceding this, 
the reader will perceive, that al- 6 per cent, 

though this is a compound statement, yet the suppo- 
sition and demand are located, as in simple proportion, 
with the term of answer, $3 interest, last on the right. 

This is not an inverse statement, because the an- 
swer is required in interest, which is an effect. 

Again: Suppose I have a debt of $40 to pay in 80 
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days, and liave no means of getting the money ezoept 
by lending to some individual a sum of my capital, 
large enough to gain this sum of debt, in the given 
time, at 6 per cent.; how much capital shall I thus 
put on interest, for the 80 days, to gain the J40 ? The 
question would be stated, thus, 

If ^100, in 360 days, gain ^6 interest, what prin- 
cipal will gain 940 in 80 days ? 



100 
360 



6 




80 



40 



^^0—6 



fi 



100 



3000 cap. 



It is thus seen, that the sum to be 
negotiated is ftSOOO, which may be J 
easily proven, by asking the interest, at 6 per cent., 
on this sum, for 80 days, which would be found ^40. 

We next proceed to the consideration of causes of 
capacity, properly so called. It is known that the di- 
mensions 8 feet long, 4 feet wide, and 4 feet high 
mak^ 1 cord. Now, 

If 4 feet high, 4 feet wide, and 8 feet long make 1 
cord of wood, how many cords will a pile 400 feet lon^ 
60 feet wide, and 16 feet high make r 

In each case the dimensions are the causes, and the 
number of cords which they make, the effect. We 
state accordingly, 



411 

4 

8 



400 
60 
16 



The answer is 3000 cords of wood. 



^60 • 



3000 cor. 



Now, suppose we wish a pile to be made large 
enough to make a certain number of cords, where two 
of its dimensions are given ; for example. 

If 4 feet wide, 4 feet high, and 8 feet long make 
1 cord, how high must a pile be, whose width is 8 feet 
and length 40 feet, to mfu:e 10 cords? thus, 
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4i 
4 





8 
40 



10 



l^he pile muBt be 4 feet high ; 
which may be easily proven by sus- 
pending some other £mension, or finding 



m 



4 feet hi. 
the number 
of cords that these complete dimensions will make. 

If 10 yards of cloth, J of a yard wide, consimie 40 
lbs. of wool in the facture, how many pounds will it take 
to make 20 yards, j^ of a yard wide r 

We have shown that no one cause, by itself, can pro- 
duee an effect, until united with some other cause ; we 
have Likewise shown, that no cause, or combination of 
causes, can produce more than one effect. Now, al- 
lowing the existence of these truths, it would be ridic- 
ulous to say that the pounds of wool, in the question 
above, was the cause of producing so much cloth, 
BO, and so wide. But, to say that the lAigth 
and width in yards and quarters, disposed of, or con- 
sumed a given number of pounds, would be both rea- 
Bonable and natural. The want of a little discrimi- 
nation and reflection here, will involve the student 
in innumerable absurdities ; while, on the other hand, 
a proper and intelligent attention to the relations andf 
operations of causes and effects, cannot fail conduct- 
ing him* to proper and palpable results. 

10140 20 

Our aaiswer, 93i. lbs., is the effect 
of the capacity of the 20 yards long 
and I wide. These two, as causes of 
capacity, consume or appropriate this number of 
pounds of wool, as the effect. We are apt to fall into; 
the same unheeded absurdity in questitms Uke the 
following : 



10 
3 

8 



40 

4 

20 

7 



931. lbs. 
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If thd tfansportation of 20 tons of freight, 30 
miles, cost A60, how many tons can be carried SOO 
mnesfor$250? 

Here the tons and distance are the causes, and the 
price the effect: thus, 



20 
80 



60 




BOO 



250 



800 ji0 

250 



3| tons. 



The answer is 8| tons. 

The same result may be obtained, though impro- 
perly, by saying that the dollars are the causes, and 
the weight and distance the effect. If all the rehl^ 
tions of the more palpable operations of cause and 
effect have but one tendency, and which reversed, <&^ 
orders the whole, certainly, because in other cases 
these laws and rehttions are not so easily perceived, ii 
no reason that they are not founded upon, or governed 
by, the same fixed and eternal principles. Nor can 
these principles be neglected or perverted, without 
consequent disorder, at some time, and in some place. 

If ^0 pay for hauling 16 cwt. of h^np 28 milei^ 
bow many jaooles can 56 cwt. be hauled for ^^0 ? 



16 
28 



40 




56 



200 



¥-1^* 
^ 



200 
^0-2 



40 miles. 

It is aft eftsy matter, in any question, to determine 
what terms have such a connection as to require that 
their energies be combined ; while it is not less easily 
determined which term appears the great focus of ail 
these operations. The former are causes, while the 
latter is an effeet. 

If a cistern 8 ft. deep, 20 ft. long, and S fe^t wide, 
held 840 barrels, how many barrels will be contained^ 
in one 28 ft. deep, 60 ft. long, and 15 ft. wide? 

The huxels arc; in eadi oase^ the aflSBctsu 
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8 

20 

3 



340 



28 
60 
15 







15 



It may be observed here, that in 
all cases, such as the one above, if | [17850 bis. 

inches be annexed to, or connected with, the feet, they 
must be reduced to the fraction of a foot. Three feet 
4 inches may be reduced by saying, 4 inches are ^ 
or 1^ of a foot ; this fraction added, makes 4^ or y feet. 

If 2150 inches make 1 bushel, how high must a 
crib be, to contain 800 bushels, which ia 200 inches 
long and 86 inches wide ? 

In this question, it is the geometrical extent of all 
the sides of the bushel measure, which is the cause ; 
the 2150 being the product of the three dimensions. 
The cube root of this number would be one of the 
sides; and this, placed down three times, on the left 
side of the line of supposition, would constitute the 
causes producing the effect, one bushel. As it is un- 
necessary to find this si^ and use it Ihree times, 
which, at best, could only reproduce the number 2150, 
we merely write the 2150, which is the product of 
these sides, and produces precisely the same result. 
In place of the two remaining factors constituting 
2150, we use two inverted commas; thus. 



2150 


1 


200 
86 


(( 


1 






800 



^ 
^-9^ 






100 in. hi. 

It is seen, that the crib should be 100 inches high. 
By this mode of operation, either the contents, or an^^ 
of the sides of a cri^ body, box, etc., may be found. 

The question above may be proven, by asking, how 
many bushels a crib wiQ contain, which i« 200 inches 
long, 86 inches wide, and 100 inches deep« Again: 

if 2150 inches make 1 bushel^ how lone must a box 



\ 
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be, to contain 1 bushel, whiob is 20 incbes wide an^ 
15 inches deep? 



2150 


1 





« 




20 


C( 




15 



20 



^4/^0-43 



43 



7* in. 
effect in botb 



We find tbat it must be 7| 
inches long. One bnshel is the common 
the supposition and demand. We see by this calcu- 
lation, that a box 7} in. deep, 20 in. long, and 15 in. 
wide, will contain one bushel. This may be proven, 
by multiplying the three sides to a continued product. 

We might,in this instance, give a short, but somewhat 
mechanical, rule for finding any remaining side of any 
figure of 6 sides, when the contents were a unit of 
any given standard, or any number of units of such 
standard, as 1 bushel, or 80 bushels; 1 gallon, or 20^ 
gallons, etc. 

According to the foregoing, we may, in a similar 
manner, find the dimensions of a box or cistern that 
win hold a given number of gallons, if the standard of 
unity be first assumed, and used as a supposition; 
thus: 

If 231 inches make a wine gallon, how long, wide, 
or deep must a box be, to hold any specific number of 
gallons, if it be of a given width, or depth, etc.? 

Beer gallons may become the standard of measure, 
by using 282, instead of 231 inches 

If 231 inches make 1 wine gallon, how long must a 
box be, to contain 100 galbus, which is 15 in. wide, 
and 11 in. deep? 



31 


1 





(( 




15 


« 




11 



io6 






100—2 



140 in. long. 

By this, it is seen, that the box must be 140 inches 
long. 
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If 2688 inches make 1 dry bnfibel, how wide nmst 
a body be, to hold 100 bushels of coal, which is 120 
in. long, and 32 in. deep ? 

Here, 2688 is the product of the three sides <^ the 
dry bushel ; and, consequently, must be considered as 
the unit of cause, that produces or contains the 1 
bushel. We state as in tne similar ca|ie above. 



2688 


1 





, « 




120 


«< 




32 



100 



A;40|1O0 



32 



j^^^^-^224 



70 in. long. 

The width of the body must be 70 inches. 

We know that 1 inch wide, 1 inch thick, and Sj'^j^ 
inches long, make 1 pound of cast iron. Now, these 
dimensions are the causes in the supposition, and 1 
pound, the effect. 

We may take the 3yVTr> of, which is equivalent, 3|| 
solid inches to represent the dimensions of the quan* 
tity, and say, 

If 3|j^ inches make 1 lb. of iron, how many lbs. 
will a bar make, that is 24 in..long, 4 in. thick, and 6 
in. wide? 



Q2 1 



24 
6 
4 







^^^ 



25 

^^ 
6 

1 

160 lb. 



This 8|J can be very easily 
used without the least difficulty in 
the fraction, as f f , as above. 

The question may now be changed; and having the 
width and thickness of the bar, let us see how long it 
must be to weigh 150 pounds. 

By careful attention to the statement and solution 
of this question, any question arising as to the length, 
width, or thickness of bars of iron, window-weights, 
etc., etc., may be easily solved. It frequently be* 
comes necessary, after the two dimensions and weighl 
Bte given, to find the other dimension, which is 



COMPOUND pboporhon : causes of capacity. 15i 



often very troublesome to practical men; especial- 
ly if many fractions are found in the work. The 
question is, 

If 3|i inches make 1 lb., how long must a bar be, 
that is 6 in. wide, and 4 in. thick, to make 150 lbs? 



Hi 







150 






24 in. long. 



From this work it appears, tiiat 
the bfff must be 24 in. long, which is true; bec^tuie 
tills length was used to find the weight. 

If 3f| inches make 1 lb., 94 inches will make 25 
lbs. The product of 96 is composed of 8 inches 
long, 4 inches wide, and 3 inches thick ; therefore, in 
stating cfuestions of this nature, it may be said, 

If 96 inches make 25 lbs ; or, if 8 in. long, 4 wide, 
and 3 thick make 25 lbs., how long, or thick, or wide 
must a bar be, with two dimensions given, to make 
any specific number of pounds? 

If 8 m. long, 4 in. wide, and 3 in. thick make 25 
lbs., how long must a window- weight be, to make 25 
lbs., which is 4 in. wide and 1-J- in. thick ? 



8 
4 



25 




4 

H 



25 






8 
2 



16 in. long 



The bar is 16 in. long. Again : 

If 8, 4, and 3 make 25 lbs., how wide must a bar 
be, to make 25 lbs., which is 12 in. long and 1-^in, 
thick? 



8 
4 



26 




12 

^ 



25 
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^* 



8 

2 

1^ 



This mode of stating snch ques- 
tions can be easily used, if any at- 
tention be given to the genera] 
principles. 

5i in. Tnde. 

All mixed numbers must be reduced to improper 
fractions, here, as elsewhere. 

We will now solve one or two other questions, and 
dose this article by endeavoring to show how such 
statements may be made on one line, as in Simple 
Proportion. 

If 10 men, in 16 days, 8 hours long, compose a book 
of 16 sheets, 36 pages on a sheet, 25 lines on a page, 
and 60 letters in a line, in how many days, 10 hours 
long, will 40 men compose another book, of 48 sheets, 
32 pages on a sheet oO lines on a page, and 90 let- 
ters in a line? 



10 


16 


40 


15 


36 





8 


25 


10 




60 





48 
32 
50 
90 



4-Haf045f— 24 

00 



The answer is 24 days. - i24 days. 

There is a novelty in the statement and solution of 
this question, arising from the fact that it can be 
wrought without the use of one figure more than is 
necessary to state it. Instead of canceling, as above, 
we may have said, 16 into 32, twice ; twice 9 into 36, 
twice; and twice 4, on the left, equals 8; 10, equals 
10; cipher, equals cipher; 25 into 50, twice; 2 into 6, 
three times ; 3 into 15, 5 times ; five into 10, twice ; 
and 2 into 48, twenty-four times ; the answer, as above. 
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One more example is given, to iUustrate the method 
of stating on one Ime. 

If 4 men in 16 da/ys^ 12 Kowrs loitg, compose a book 
of 14 sheets, 24 pa^es on a sheet, 44 lines on a page, 
and 40 letters in a line, in how many days, 8 hours 
long, will 12 men compose a similar work, of 42 sheets, 
16 page's on a sheet, 48 lints on a page, and 55 let' 
ters in a line ? 



4 


14 


12 


42 


16 


24 





16 


12 


44 


8 


48 




40 




55 



Twelve equals 12 ; 8 into 16, twice, 
and twice 4, on the right, make 8, 
which goes into 40, five times ; 5 into 
55, eleven ; 11 into 44, four times ; 4 24 da. 
into 16, four times ; 4 into 24, 6 times ; 6 into 42, 
seven times ; 7 into 14, twice ; and 2 into 48, twenty- 
four times ; the answer. 

This question may be stated in the following order : 

In how many days, 8 hours long, will 12 men pro- 
duce a certain effect, if 4 men produce the samt in 16 
days, 12 hours long? 

The answer is desired in days ; a ccvuse. Hence, 
this term, 16 days, is placed last on the right for the 
term of answer; while the causes, which cooperate 
with it to produce the given effect, are placed on the 
same side of the line, where their energies can be 
multiplied. Now, these causes being necessarily on 
the right, the causes in the demand must be placed 
opposite them, on the left. Hence, in all inverse <]^ues- 
tions, the demand is placed on the left : thus. 



Here, if no effects were to 
be considered, the answer 
would certainly be in days : 8 
days. Thus, we see, that 
when the answer desired, is a 



Men, 
Hours, 



12 

8 



(( 



4 Men, 
12 Hours, 
16 Days, 



8 days. 
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the demand, that ia, the ctmset af demand, 
most be placed on the left ; and those of the aupposi'' 
tioQ, opposite. Now, if causes and effects are always 
directly opposite in their nature, the effects in the 
demand, mudt he placed on the right; and those of 
the supposition, oj^^osite ; thus, 



Sheets, 14 

Pages, 24 

Lines, 44 

Letters, 40 



42 Sheets, 
16 Pages, 
48 Lines, 
55 Letters, 



It is seen here, that the 
effects occupy the reverse 
side of the line. This is, 
both because causes and 
effects are opposite in their 
nature ; and because, when 



3 

an answer, as the one above, is desired in an effect, 
the proportion is direct, requiring that the demand be 
placed on the right. Thus, 3 is the answer ; which, 
multiplied with the 8, gives 24, as in the former work. 
Each term is placed opposite the term of its own 
kind, to get the ratio. This order of statement is re- 
versed, u the answer is required in an effect. In 
such case, all of the causes, in the demand, are placed 
on the right, and those in the supposition, opposite; 
while all the effects are placed opposite their respec- 
tive causes. 

From the foregoing, we deduce the foUowing 

BUKMABT 01 DIBECTIONS VOB CK^fPOUND PBOPOBTIOai. 

Separate the qtustion into termp of Supposition and 
Demand : Ascertain which terms, both in the suppO' 
sition and demand, are Causes, and which are Ef' 
fects : Draw two vertical lilies : Place all of the terms 
of supposition on the left line ; aTid all of the terms 
of demand J on the right line : Place causes on the left 
side of each line, and effects on the right. 

If the answer be required in a cause, place a ct- 
pher on the left side of the right line; if in an effect^ 
place a cipher on the right side of the right Hne. 
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When the cipher falls between the two lines^ 

aU of the inner terms the divisor, and aU of the outer 
terms the dividend : when it fulls outside of the two 
lines, make all of the outer terms the divieor, and all 
of the injj^er terms the dividend.* The causes are 
men, animals, time^ capital, and medium. 

To state on one line : 

When the answer is desired in a cause, place all 
of the causes in the demand, on the left ; and all of 
the causes in the supposition, on the right ; with the 
respective effects of each, opposite: 

When the answer is desired in an effect, place all 
of the causes in the demand, on the right ; and all of 
the causes in the supposition^ on the left ; with the rc- 
spective effects of each, opposite. 



SIMPLE PROPORTION INVERSE. 

The consideration of Oomponnd Proportion, leads 
to that of Simple Inverse Proportion; the great 
leading principles of both, being cause and effect. We 
have seen, from the solution of one or two questions 
in compound proportion, that the effect in a compound 
question being the same, or a unit, in both supposi- 
tion and demand, there are but three remaining 
terms to use. The effect, being unity in each case, 
we say, that the two terms are common : and conclude 
that the problem, as properly enounced, is composed 
of causes only. It is evident, that if all of the terms 
are causes, and that as some one of them must be the 
denomination of the answer, therefore, this answer must, 
when obtained, be a cause. And here exists the differ- 

* R«coUect that the divisor is always placed on the laft side of tho Um 
on wUcli ibo question is vrronght, and the dividend, on the right. 
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enee between direct and inverse proportion. From what 
has been said of the relations of cause and effect, it 
is evident, that as causes exist before their effects, so 
the production of these effects is a direct or first ope- 
ration of the cause ; hence, it is the provjfice of di- 
rect proportion to ascertain effects. If, again, causes 
and effects possess an opposite nature, it is reasonable 
to suppose, that when the cause is demanded as an 
answer, the course pursued to find it, will be a retro- 
grade from the effect, to the cause. Hence, the direct 
course is broken, and reversed ; and the line of opera- 
tion, which the cause first pursued to find the effect, is 
retraced from the effect to the cause. This inver- 
sion, or turning around, is the basis of the theory of 
Inverse Proportion. The term is derived from the 
Latin, inverto, to turn back. 

We may always know that a question is inverse, 
if these are no given terms of effect, whatsoever, above 
unity. When the effect is not common, the question 
is necessarily compound; having more than three 
terms. 

All inverse questions are properly compound propor- 
tion, and may be solved most intelligibly and easily, 
by a statement under this head, according to the great 
principles just treated. Therefore, when they are re- 
duced to the form of simple proportion, we may rea- 
sonably expect an entire change in the statement, from 
questions ordinarily occurring in this department. The 
following illustration, accorcSng to compound propor- 
tion, may be given : 

How many men will be required to do a piece of 
work in 16, which can be done in 24 days, by 6 men? 

The enunciation of the question may be changed, 
thus : 

If 6 men in 26 days do one piece of work, how many 
men will be required to do one other piece in 16 days? 
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The pieee of work is the effect, in each case; a 
cominon effect > and is located as follows: 



5 

24 




15 



P 



1 



5 
1 



It is seen, tfflLt in dividing by the 
inner terms, the 15 is placed on the 8 men. 

left. This term would be the demand in simple pro- 
porti(m; and, it is evident, that it is placed on theleft, 
that, by dividing the product of the other two terms, 
the fourth term may be found ; which, linked with the 
15, would complete the proportion. It is not, however, 
placed on the left as a factor only, to find another 
motor; but that its ratio, with a similar term on the 
opposite, may be ascertained. The 5 men is the de- 
nomination of the answer, and must, consequently, be 
placed last on the right. Now, this 5 men does not 
equal in value the term of supposition opposite, the 15 
days, which is the sole connection between the two 
fflinilar terms in direct proportion; but, as a cause, it 
is combined with another cause, the 24 days, to pro- 
duce the common effect, one pieee of work. That 
these two causes may occupy a position where their 
energies may be multiplied together and cumulated, 
the ^4 days is placed on the right of the line, in the 
place ordinarily assigned to the demand, and just over 
its cooperative term, 5 men ; for causes producing a 
common effect, cannot be separated. Now, to obtain 
the ratio between this 24 days in the supposition and 
the 15 days in the demand, the 15 must be placed op- 
posite. Hence, by the necessity of purely philosophi- 
cal principles, the demand in inverse proportion is in- 
verted, or placed on the left. This is the only satis* 
factory reason why the demand changes its place, or 
is inverted. These laws, necessitating more than one 
cause to produce an effect, and an actual connection 
of the various terms employed, so as to elicit their 
11 
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combined Qnergies, in their ereatiye et^pacity of spipe 
eftect, Iiaye been so clearly elucidated and Semongtra- 
ted in the discussion of first principles, as to leare no 
doubty on tbe part of the reader, that both tenp^ is 
the supposition must be placed on the right; one, a» 
the denomination of the ansij^er, and the other as the 
term to be compared with the term oisimilar name, 
in the demand, on the left. The two ones may bc^ 
dropped in the statement. Again: 

u iS men, in 8 days, do a piece of work, how many 
men will do thei same in 24 days ? thus, ^ 

^ — f^/i,$ — 5 The demand iii placed on the h^'s^ 

the sam^ name opposite it ; and the. 
term of answer, last on the^ignt. L^i 
' ua prore this again. 
If 8 mm, in 15 days, do a piece of work, hoiff 
ma^y days will 5 men be requirea to do the same? \ 



5 men. 



"^Vliile men are Qomp^^d in this statf* 
ment, days become the term of am^^err 



^8 

24 days. 

It is sometimes difficult to determine what is 
cause, and what effect; especially, when geometrical 
extent is a cause. Therefore, for the benefit oi those 
who are not experienced in the designation of causes^ 
we giro the following directions for stating such ques-* 
tions correctly ; and which, to some minds, is the only, 
means of determining whether a proportion is dizaot 
or inverse : 

If the answer desired should be larger than the 
same term in the question^ place on the left the smaller 
of the two terms to be compared by ratio : if the an^ 
tiwer required be smaller, place on the left, for the de* 
fnandj the larger of the two terms to be compared* 
This is what is called by the old schoolmen, " more 
giving less, and less giving more;" which simply 
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ineaiu|i if the. one comsc or factor in a ^ftiestion be 
largefy the other must be smaller ; afid vie^ versa.. 

Most authors have written about the necessity of 
inyerting terms in inverse ratio, as they call it ('lAieb, 
in truth never eacisted), 9s weU as about more ^ving 
less, and less ^ving more: but t^ovlq of them have 
ever explained satisfactorily the reason for Qifs^inver- 
sion, or why " more gives less, and less more." Nor 
have any of them so reasoned on the asMSOinptioQ, as 
io give the pupil even their own vague and indefioitQ 
ideas; much less satisfying his common sense w^th i^ 
rational and demonstrable theory. No doubt that the 
best arrangements practicable have been made ; for it 
k wholly impossible to e:(plain the theory on any othes 
principles than those of cause and effect. These are 
the very embodiments of inverse action ; the 01^^ go- 
ing directly on to create ; the other returning to the 
creator or cause, from the created effect. The obe- 
dient pupil has too long followed in the wake of rules 
that linger alcmg in obscurity and darlcpess, not pnlj 
in this i^t in most of the departments of ^his beauti*^ 
ful science. 

How many yards of cloth, 4 quarters wide, are 
eqmal to 40 yards, 5 quarters wide f 



Here, 4 quarters is the demand, 5 quarters 
the same name, and 40 yards the term of an- 
swer. 



h 

50 



If it take 20 yards of cloth, } of a yard wide, to 
make a gown, how many yards, |- wide, will it take to 
line it? 

The demand, J, is placed on the left, by I 7 ^ ^ 
its numerator ; while the same name^ \, is, in 
the same manner, placed on the right. 



3 
20 



How many yards of silk serge, 2^ yards wide, will 
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line a coat, that requires 15 yards of cloth, { of a 
yard wide ? 



0-^ 






5 yds. 



Fifteen yards being the denomination 
of the answer, is placed last on the right. 



If 5 yards long, and 2^ yards wide, line a coat, how 
long most the piece of cloth be, which is f of a yard 
wide, to make it? 

5 



The demand is f in this case, while the 
same name is 2^. Again: 

15 yds, 

If 15 yards long and \ wide make a co^it, how wide 
must 5 yards of serge be, to line it ? 

^/i^ — % In this case, the two terms to be com- 
pared, are in length ; while width is the de- 
nomination of answer. The serge must be 
2^ yards wide? 

If 5 yards long and 2^ wide, make a coat, how wide 
must 15 yards in length be, to line it? 

The answer is | of a yard wide. 



2i 



4 



3 



4 

It is perceiyed, that these questions are inverse, be- 
cause all of the terms are causes of capacity. 

Suppose a garrison has provisions to last 4 months, 
at 20 ounces per day; how many ounces should they 
use, for it to last 6 months? 
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The two differeBt' ntimber of months 
must here be compared ; 6 months being 
the demand, and zO ounces the term of 
answer. 

If, when wheat is worth 60 cents per bushel, th<5 
cent loaf weighs 10 ounces, how much ought it to 
weigh when wheat is worth 01,25 per bushel? 



m 



The prices are compared, as causes, and 
the weight is the term of answer. 



125 



60 
10 

44 



If, when wheat is worth ftl,25 cents, the cent loaf 
weighs 4^ ounces, what ought it to weigh when wheat 
is 60 cents per bushel ? 



The answer is 10 ounces. 



60 
5 



126 
24 



10 OB. 

If a bushel of wheat make 40, five cent loaves^ 
how many eight cent loaves will it make? 

The ratio is obtained between the B and [ ^ 5 
5 cents, as the two most active causes con- ^ — 5 
dncing to the effect. Thus, capital is at " ^7 
times a caaise. 

If it require 110 yards of carpeting 1 of a ywrd 
wide, to carpet a room, how many yards, 1-| yards 
wide, will carpet the same? 



The answer is 60 yards. 



4^ 



—2 
3 



60 



IS I lend a friend ^100, for40 days, how long ought 
he to lend me j^80, to retom the acconunodation? 



The answer must be in days. 



ji_5r0 



100—6 


50 d». 
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How long inusi a board be, that is ^ inclied wide, 
to ixiake a square foot? 

The question should be, 

If 12 inches long and 12 inches wide^ make 1 foot, 
what length, with 9 inches in width, will make the 
Ume? , ; i . 

Nine, the width, is evidently ^he demand, whiQe 12 iii 
Width is the same name, and 12 in length is the term 
of answer^ for the ahs^fcr is required m length: 






16 i 



in. 



Without transferring and working the 
^t^estion anew, we may prbvb it by 
Biiiiply multiplying 9 and 16, tirhicll 
make 144, the number of square incheid 
in a square foot. 

If a certain pasture supply 1500 toWs 75 days, how 
long will it supply 2000 cows? 

a000jl500 

75 The causes are, in this ihstanoe, actiyd 

eanseii. 



66i 

If a man perform a journey in 24 days, when the 
days are 12 hours long, how many days will he be re* 
quired to do the same, when the days are 18 hours 
long? 



^-^$ 






16 



The causes here, are all of the siattii^ 
kind, time ; yet we know that the an- 
swer must be in days, and place the 
days, consequently, on the Hght. 
We will now present a few questions in the calcula- 
tion of machinery ; all pf which, so far as velocity is 
concerned, are inverse, 

J If a drum, 60 inches in diametiBr, make 7^ r'evoltt- 

tlons per niihute, how many revolutions will a pulley 

connected with it, make, which is 6 inches in diameter ? 

It Is necessary, in this question, to compare the two 

diameters; and, as 6 diameter is the demand, we place 
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The answer Is 720 rerolutiomi 



it on the lefib, and 60 diameter on the.r^ht; while 7% 
ihe number of rerolutions, becomes the denominatioa 
of the answer. 

72 
720 

4 

TJ&t VB now ehange ^his qtieBtibn, and find the diam- 
eter 6t this pinion, knowing the hiimber of revolu- 
tions that we wish to make. 

. If 72 revolutions require 60 inches in diameter, of 
What diameter must a pinion be, to make 720 reVo- 
iutioiid i 

Thus, the diameter used at tbe outset 6ff( 

is again found. ** • 

Again: Making the two diameterd of the demant 
fthu^ found, the supposition, we will endeavor to find 
«aeh teiiii of the foimer Bu^positioa, 72 and 60. 

If 6 inches in tfiameter make 720 revdutionfl, ho* 
Itt&nj revolutions will 60 inches diaineter make? 



fiere^ the diametere must he C(«npared. 

7i2tev. 

If 720 Involutions require 6 inches diametw, what 
Ifliameter wiD give 72 revolutions ? 



720 



fi 



m 

6 



60iDU 



[thus, we can £nd the diamettr and 
devolution of any wheel, the diameter and 
revolutioi^ of that with which it is cofD- 
cected, being given. 

It frequently becomes necessary to ascertain the 
revolutions or diameter of a wheel connected with 
several others. This is done by what is called " Con- 
Joined proportion," which our limited space srill not 
|)ermit us to treat heie. 
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Suppose a counter wheel in a mill turn 40 times per 
minute ; how large must a trondle be on a spindle, to 
make 240 revolntions per minute, the counter wheel 
being 5 feet in diameter ? 



m 





^0 



10 in. 



200 in. 



Two hundred and forty rcYolutions is 
the demand, 40 revolutions the same 
name, and 5 feet, or 60 inches, the diam- 
eter of the counter wheel, is the term of 
answer. Hence, the trundle must be 10 inches in 
diameter. 

How many inches in diameter must a water-wheel 
be, to make 12 revolutions, if a counter wheel, 60 
inches in diameter, makes 40 revolutions per minute? 

^4 40 These 200 inches make 16f feet, 

^ — 5 which might be easily obtained by substi- 
tuting 5 feet, for 60 inches, when the aor 
swer would be in feet. This shows us» 
that a water-wheel 16} feet in diameter, making 12 
revolutions per minute, working in a crown wheel of 
equal size, with a counter whed, 60 inches in diamer 
ier, making 40 revolutions, must have a trundle 10 
inches in diameter^ to make 240 revohitions per 
minute. We may go on thus from one wheel to an- 
other, to any extent, and apply the diameter and rev- 
olutions of one to another, eoming in regular sequence 
after it, until we ascertain the revolutions and diame* 
ters in a long chain of machinery. 

Such calculations as the following, are frequently 
necessary in finding the size of wheels^ their " pitchr- 
line," and the number of **^cogs," or teeth. They 
eome properly under the head of direct proportion ; 
but are placed in this connection, that most of the re- 
marks of machinery may be found together. The 
problems are solved as other questions in simple 
proportion. 

Suppose it be required to make a wheel 1^ inches 
larger^ whose pitch^linc h 12 jf inches in diametes z 
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liow many oogs will the wheel so enlarged have, if the 
first wheel had 67 cogs ? 

We first add 1^ to 12|| inches, making thns, 12-(- 
IxslB inches: ^ inch equals tV»<"^^ 8-f-15 sixteenths 
equal ff, or 1^, which added to 18 makes 14^, tlM 
diameter of the pitch-line, after adding the 1-J- inches. 
We now say, as 12|jf is to 14^, so will 67 oogs be 
to the number required. 

If a wheel 12|f inches in diameter, hare 67 oogs, 
bow many oogs will a wheel 14-,^ inches in diameter 
have; thus. 

The demand is here placed on the right. 16 231 
The wheel, thus increased in diameter, will 207 16 
have 7^i oogs; and, as the number of 67 

oogs must always be even, we will sup- 7±&a. 

pose that the wheel shall have 75 oogs, ■ ^ ' 

being the whole number that nearest expresses the 
fraction. Now, this will require the pitch-Ene to be 
still a little larger. So we say, if 67 cogs be ad- 
vanced to 75 oogs, what will the pitch-line, 12|f , be 
adyanoed to ? Seyenty-fiye cogs is the demand, 67 
cogs, the same name, and 12||^ in diameter, the term, 
of answer. 

The answer is a very minute fraction 
undor 14}- inches; and this pitch-line 
ean be made so nearly the right diame- 
ter, as to step off with the " dividers " 
75 cogs, without any perceivable fraction. 

Suppose, again, a wheel, that is 18 inches in diam- 
eter, has 100 cogs; how many cogs must it have to 
be enlarged 6 inches ? 

Here, 18-{-6=24, the diameter of the required 
wheel. Now, how many cogs will 24 the desired di- 
ameter require, if 18 inches, the given diameter, re- 
quire 100 cogs ; thus, 



67 
16 



75 
207 



14AVV 
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18 



24 

100 



This giy^ for the number of oogs Inttid 
larger wheel 133^, which not being aii 
even number, we call 133, that from this 
smaller number of eogB, we fnaj make the 
fiew pitch-line {)roportionatlj smaller. 

If 100 cogs require iS inehes diameter, what pitch, 
diameter, wiU ISS't^ogs require? 



1331 



100 



183 

18 



Therefore, to make 133 cogs, which is 
an even number, the new pltch-Kne must 
231 J ^® 23fi, or 23.94 decimal inches ; which; 
' ^ too, can be so accurately approximated, is 
to me 133, In aboiit the desired diameter. 

The lu*ticle on Inverse Proportion, although shorty 
has, we trust, a sufficient number and variety of el- 
amples to enable the judicious and discriminating 
reader to apply the principles in practice Hrhenever 
found necessary: 

We now close our remarks on the proportions; and 
shall here$.fber advert to them only to show the philo- 
sophy of the statements that follow in the variouia ruled 
of ariUimetic and mensuration: as all of these subdivi- 
mom depend in principle and detail on the proportions; 
and are but different branches of them, assuming suoh 
apparently different form, as the circumJBtanees oi their 
application m»y require. We feel confident, that if 
the reader will carefully review the foregoing piigen; 
with t close attention to principles, rather than prac- 
tice, he will find no difficulty of perceiving the neces- 
sary operations to be performed on all questions that 
will follow in tills work ; nor in applying the principles 
that he has learned, in such manner as to conduct to 
satisfactory results. He cannot expect to do this, by 
a slight and indifferent course of reading : progress in 
arithmetical knowledge justifies no such conclusion, if 
we consult the history of those who have attained 
great proficiency in its principles. To become tho- 
roughly acquainted with the science, requires not only 
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a due comprehension of each separate principle, hut a 
knowledge of all their relative bearings; and even 
with thesCj, such an acquaintance and familiarity, as 
to render their constant contemplation, which ever 
enables us to discern new beauties, rather a pleasure 
than a task. Nor ibust we regard cancelation is a 
short-Jiand sjistem, nierely, that will enable lis to ar- 
TiVe at results instanter, without that thought neced- 
^arj tb this apprehension of great general principles hi 
any iscience : for the abbreviation of this system; cola- 
sists, not in the shortening of principles, but in their 
lise and concentration. £p, moreover; we investigate 
a ipropoisition for the beauty and grandeur of its prin- 
cipled and relitions, instead of as a forced and nece^- 
diary task, for merely speculative purposes, we wiQ 
not fail being thbroughly acquainted with it^ thidLS 
connecting the pleadtired of the science, with the neced- 
idty 6i the art. 

r From the foregoing illustrations, we deduct tlie 
following 



SUMMARY OF DIRECTIONS TOR IKVlERSE PROPORTIOlT. 

Aucertain first the term of Demand : 

Plact this Demand on the left : 

Place the term of the same name of the demdnd, 
opposite the demand, on the right : 

Place the term in which the answer is required, last 
en the right. 

If any of the terms are fraetionaly 

Place the Numerators on the side of the line ordina^ 
rity assigned to the integers, and the Denominator 
opposite 
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CONJOINED PROPORTION. 

Conjoined Proportion differs from Simple Propor- 
tion, only by reason that, instead of one, momy differ- 
ent proportions are found in one question. Hence, 
all questions coming under this head, may be wrought 
by continued separate statements in Simple Proporr 
tioB. The demand is placed on the right, and the 
$ame ^hame, in the supposition, on the left. This sup- 
position merely equals in value the term in which the 
answer is required, and which is placed invariably on 
the right. Hence, statements in this species of pro- 
portion are always direct. Now, the term which is of 
the same name of that just used as denomination of 
answer, may be placed opposite this denomination of 
answer, and the new denomination of answer which 
this second term of supposition, or same name, equals, 
may be nkced last on the right for a new term of an- 
swer. So, again, this term of answer may be used as 
demand, with another supposition opposite, and an- 
other term of answer succeeding, until any number of 
separate statements are merged into one general state- 
ment. Hence, the statement will be but a concatena- 
tion or chain of statements ; from this fact, it has re- 
ceived the name of " chain ride" Nothing more is 
necessary, to make this interlinking of statements 
plain and easy, than to find the term of demand, or 
that term for which an equivalent term in value, is 
demanded. It will, therefore, be necessary, to place 
terms of the same denomination, and such only, oppo- 
site one another. 

If 5 lbs. of raisins are worth 8 lbs. of tamarinds, 
and 8 lbs. of tamarinds are worth 18 lbs. of figs, and 
20 lbs. of figs are worth 75 lbs. of cheese, and 40 lbs . 
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of cheese are worth 16 lbs. of batter, and 18} lbs. 
batter are worth 30 yards of calico, and 5 yds. calico 
are worth 4^ bushels of apples, how many boshels of 
apples are worth 13} lbs. of raisins ? 

It is evident, that the answer most be in bnshels of 
apples, and that the demand is 13} lbs. of raisins: 
hence, we condnde, that if raisins is the demand, 
raisins must be the same name; and consequently, 
place opposite the 13} lbs. raisins, the term of raisins 
given in the question, which is 5 ; and so on with all 
of the other terms, making the 8 lbs. tamarinds, which 
this 5 lbs. equals, the term of answer, under the de- 
mand, and, again, the 3 lbs. of tamarinds, the same 
name» opposite, and so on ; thus, 

m-n 

530 

)49 



This may be proven by changing 
the conditions of the question. 
Again: 



25 



7128 



285^ 

If 3 days work of A, are equal to 5 of B, and 4 
of B to 9 of C, and 10 of C to 6 of D, and 8 of 
D to 40 of E, and 3 of E to 2^ of F, and 3} of F 
to 18} of G, how many days' work of A wiU equal 
25of G? 

Here, G is the demand, and certainly G must be 
the same name ; hence, we state in the retrograde 
order of the question, until we find A, which was the 
first term proposed, and which is now the term of an- 
swer; thus, 
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f 
^ 



16 









8 



15 



of A. 



The result is ^ of 1 day's work 
of A. The proportion in these 
questions is always direct ; because 
the number on the left merely equals 
in value some other member on tie 
right. Again: 



If $18 XT. % are worth 8 ducats, at Frankfort; 12 
ducats at Frankfort, 9 pistoles, at Geneva; 50. pistoles 
at Geneva, 40 rupees, at Bombay ; 16 rupees at Bom- 
bay, 20 xi&ls, a^ Buenos Ayres ; 15 rials at Buenos 
Ayres, 6 candarines, at Canton; 4^ candarines at 
Canton, 8 lepta, at Corinth ; 2 lepta at Corinth, 5 as- 

rat Cairo ; and 20 aspers at Clairo, 40 copecks, at 
Petersburgh; how many copecks of St. Pe^s- 
burg are worth $120, U. States! 



Dol. 

Due. 

Pis. 

Rup. 

Bi. 

Can. 

Lep. 

As. 



18 
12 
50 
16 
15 
9 



2 
20 



120 Dollars. 

8 Ducats. 

9 Pistoles. 
Rupees. 
Rials. 
Candarines. 



40 

20 

6 

2 

8 

5 

40 



Lepta. 

Aspers. 

Copecks. 



The answer is 142f co 
pecks. 



[142f 

All questions of a similar nature, in ezchaTige and 
reduction of monies, may be wrought as the above^ 
and without the least difficulty, when proper uttentioq 
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id given to tb^ foregoing, which may be brought into 
the following 

flUHMART OV niBECTIONS FOB CONJOINBB PBOPOBTION. 

Place the demand first on the right : Place the 
^me name apposite; atui place the term of answer, 
Vfhich equals the same name, under the demands on the 
right. Again: Place (opposite the term of answer^ 
the term of the same name, aiid the term which eqmk 
the same name, under the former term of answr, 
on the right ; and so on^ until all of the terme are 
placed down. Cancel as in other cases. 



EQUATION OF PAYMENTS. 

It frequently becomes necessary to make several 
different payments on a note at one time, or to make 
one payment of several different notes. This is done 
by Equation ef payments, which simply means, to 
make the time of one payment equal to the average 
of the several periods. Equation is from the Latin, 
egua, equal. The following facts may be assumed : 



1 1, in 3 months, will 


gain as 


much 


asj 


^ 3 in 1 mo 


;10, in 8 " 


(( 


(1 « 


tt 


tt i 


k 8 in 10 " 


;40,in 1 « 


« 


(1 <( 


tt 


« ( 


1 lin40 " 


; 4, in 20 days 


« 


« it 


tt 




|20 in 4 da. 


il7, in 11 " 


(( 


u « 


tt 


< 


|llinl7 " 


; 8, in 1 year 


(( 


(( tt 


tt 


" 1 


1 1 in 8yrs. 


;19, in 7 " 


tt 


tt tt 


tt 


fC 


1 7inl9 " 



A merchant owes two notes, payable as follows : one 
for ^10, payable in 8 months, and the other for ^40, 
payable in 6 months. Now, 
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MOxS months equals ^ 80, for 1 montli. 
|40X6 " " |240, for 1 « 



$50 



50 



$320,- fori 



« 



6f months. 



Above, each sum is multiplied by its number of 
months. The original sums are added, making ^50, 
for the equated time; or, their products in the months, 
making 0320, for 1 month. The latter product is 
diyided by the former, giving the equated time 6f 
months. The question would be stated thus, by In- 
verse Proportion : 

If 0320 shall be paid in 1 month, in how many 
months must 050 be paid ? Thus, 

50 320 This is the proper method of arriving at 
the proportion in such questions. The an- 
swer is, as before, 6f months; because 1 
month was the last term on the right. 

Again : A owes to B 4 notes, payable as follows : 



320 
1 

6f 



26x in 6 months 
75x in 8 
(200 X in 10 
60x in 3 



(( 



« 



0360 



» 150 
600 
2000 
180 

02930 



for 1 month. 



360 



days, and 4 hours. 



Ans. 



2,930 
1 



8^^, equal to 8 months, 4 



I give 2 notes, one for 0100, payable in 6 months; 
the other for 0100, payable in 18 months : at what 
time may both be paid together ? 
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ftlOOx 6 months = ft 600 ) - . ., 
|l00xl8 « = $1800 } ^^' ^ «^^^*- 



$200 400 



ji^l00— 12 



12 montlis, answer. 

This method of calculating equation of payments^ 
is not strictly correct ; being based on the supposition 
that interest and discount are the same; that is, that 
the deduction made in advance, is equal to the interest 
that accrues, after a certain period. Thus, in the 
question above, $100 axe withheld from the creditor 6 
montlis, and interest should be charged ; whereas, ail- 
other $100 were paid 6 months before due, and should 
sustain only a discount. The interest on the 
Bioney withheld, is greater than the discount on 
that advanced; hence the difference. This differ- 
ence is, however, very minute, and of no practical 
importance. 

When the time is days or years, such days or yeajrs 
must be multiplied into the sum to be paid, as in the 
eases of months above ; and the equated time will be 
days or years, as the case may be. When the time is 
months and days, it must be reduced either to 
months or days. 

If one of the debts is paid down, or a payment 
made at the date of the obligation, it will make no 
product in multiplying into time, and will be used only 
m finding the sum of the debts or payments. 

From the foregoing, we deduce the following 

DIRECTIONS FOR EQUATION OF PAYMENTS. 

Multiply the sum of each payment by its time, 
add the several payments: then, add their products ; 
and divide the sum of the products, by the sum of the 
payments, ' 

12 
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T%e seperai periods of time must be of toe same 
denomination ; either days^ months, or jf tars, separate- 
Iff; and the aifStoipr wUl be the equaled time, in days, 
monthSf or years^ as the ease may be. Or, state as in 
Inverse Proportion, 
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FELLOWSHIP, SIMPLE AND COMPOUND. 

INGLVPIKa PASTNXSSHIP, I^ENiaili ATfiJliaE, ftAITK- 

IniSffitpIe Fenowi^lp of Purtnersh!^, O^^tfnil Atrift- 
Tf^ B^nfcraplejr, etc., two or ttore indhidtuJi, oH 
dilforeiit Sams of money, gkiti or kfle wme general gtna ; 
when, it is desired to know eacli indiyidual gttin oir 

]0S8> 

Iti Cotnpoiind Fellows&m, not only the sniiis of cap- 
iffca!l are different, tnt are mVested for different peri- 
pds 6i tini& etc. From thiii fact it ta^eii the name of 
Gonrpound Fellowship, 

, A, B, and C invest 01000 in a cargo of wheat ; 
A pnts in $200, B ftSOO, and $500 ; and agree to 
share the pofits and losses, in proportion to the capi- 
tal seyerally invested. They gain $600 ; what is eaoiSi 
man's share? 

A's share $200 
B's " 300 

C's ** 500 

$1000. Sum of gain $600. 

> Now, tlie whole snm, 1000, gains the whole snm, 
600 ; therefore, we may ask, what share of 600 eiacll 
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mdiyidnal sliare gains. Tlie statements, accorcUng to 
proportion, are as follows : 

If 1000 gain 600, what wiB 200 gun? 

800 
600 



it 
« 



« 



« 






« 






« 



^fW 



* 



600 



120 



600 
180 



^00^(500 
600 



9 



890 



A*B share pf gain 120 
B's " " '* 180 

e's " '• " 800 



Whole sum gamed, 0600 Ph)of. 

A fiither divides |^1800 among three sons, in the 
following proportion: A, 1 share; B, twice ais mnch 
as A ; and Cf, three times as much as B ; what is tlM 
share of each? 

Let us set A'b share down as a unit ; thus, 

B's share, as twice this, 

C's share, as three times the latter. 

Sum of the shares, 

Thus, there are 9 shares; and A has ^; B, f , and 
0, f : hence, their shares would be as 9 to 1 ; 9 to 2; 
and 9 to 6; thus, 



1 
2 

6 

9 



01^^00—2 
1 



0^5fdO—2 
2 



200 



j(|4^00— 2 
6 



400 



1200 



Or, the questions might be stated, thus. 

What will 1 share be, if 9 shares be 1800? What 
will 2 shares be? What will 6 shares be, etb.? 200 
-f400-4-1200=:|1800, the estate; which proves the 
work correct. 
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A owes to B 

<( (( « Q 

(( (( (( T^ 

« « tt J) 

« c( (( pi 

much does each 
lose? 

The whole sam of the credits loses (900 : hence, the 
following statements: 




92500 



|2500 
and pays only ^1600 : how 

"$900 






400 

900—4 



0/!;00600 
900—4 



144 B. 



$ 



j4/^00 



)4^00 



800 
900. 



216 C. 

j4^00 



500 

900—4 



288 E. 



$ 



200 

900—4 



180 D. 



72 F. 



144+216+180+288+72=900 dollars, the whole 
sum lost. 

A man left to his fbur sons (60, to he divided in 
the proportion of ^, ^, ^, }; how much does ^eaoh 
one get ? 

i of 60=20 
i « 60=15 
i " 60=12 
J « 60=10 



Then, as 57 
" 57 



(( 



« 



(( 



« 57 
" 57 



60 
60 
60 
60 



57 



20 
60 



57 



21A 



15 
60 



20 : Xor21^ 
15 : Xorl5}4 
12 : Xorl2|4 
10 : X o r 10 J4 

860 

57 



57 



12 
60 



12|* 



10 
60 



lOj^ 



The several sums, added, make the original (60. 
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Tbe 1^57 was the deficient sum of capital; and 20, 
15, 12, and 10, the deficient indiyidnal Bums. Then, if 
57, deficient, be advanced to 60, fall sum, what will 
any of the other deficient sums be adyanced to, for 
foil sum or share? 

Eailroad, canal, bank, and other stock dividends^ or 
assessments^ may be calculated as the first and second 
examples giyen. 

QENIBAL AyiSAQB. - 

It frequently becomes necessary, at sea, to throw 
overboard a large portion of the cargo, to secure sa&tj 
in time of storm. The property thus sacrificed may 
belong to one individual, although it is thus thrown 
overboard for the benefit of the whole. Hence, the 
whole cargo should sustain a loss proportionate to the 
value of each individual interest, r^ow, it becomes 
necessary to assess the loss according to value : this 
is called Qenerail Average; while the property ejected 
is called jettison^ from the French, ^etter^ to throw. 
All such losses are sustained by the ship, the cargo, 
and the /rei^A^, according to the value of each, which 
is called pro rata, or in proportion. 

Ordinary losses, such as wear and damage, or sacri- 
fice made for the safety of the ship alone, must be 
borne by the owners of the vessel; losses made for 
the safety of any particular portion of the cargo, must 
be charged to the mdividual so losing,and are not to be 
brought into the general average. 

The property lost must be reckoned, as well as that 
sayed. 

The cargo is valued at the price it would bring at 
the place of destination, after deducting storage and 
all necessary charges. 

One-third is generally deducted from the freight, for 
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wages, pilotage, eie., 9to.^ bx New T^oxK c»e-I^JI! is 
allowea. 

On^-thii:cl pf the cost of i^^aii^i;^ (o^ maats, gj^BXfi, 
xjigging, etci ^ de<l9cted V^fore the ayerage ijs 9iaae; 
thus making the yaluation of the ol^ t^o-thiFCb o| 
the new. This isi done oif. the principle of insuring 
only two- thirds of the value of propertj on land; prtc^ 
^liow for damage. And here, the danger WJ^i % 
imminent, or the general average will not be allowed! 

All necessary charges mnst be deducted from each 
individual's interest '■ before &e average is made, 
le: 



chi 



The ^p, Johu Adafls, hojf^ HaTO tq S<^i[W tai4 
0^ ^bard a cargo estimated ^t x$0,00[0. Of ^his 4- 
oiFpied^|20.900; B;|3(),0()ift; a^^ 0. tipQft. The 
ross amount of freight and passage mop.6j WM 
^i2,00a The sHp V^s worth |^5(i,P0(^; a»^. $^0f). 
^i been paid fpr insu^an^e. 'Jfl^^ sbipyh^iji^iugi^e^^ 
* stress, tie master threw overboard S7,?ft0 worth 
^ goods mi cut away her masts, rigging, an* *u- 
choir:?^ tn port, it cost ^,00P for repaii^s; wfokt w^l 
t^e loss 9^ each oi^^r, both of sUp and ca^^* 

fiU^ v^ahied at .... |50,000 

Premium deducted, . . . 800 j^9,200 

©argo worth, . . ^6,000 

Freight arid bassage, . . .12,000 ' ' "' 

OWthird deducted for wages, 4,000 8,000 

Goods thrown overboard, 7,860 * 

Gmk of hew m^sts, spars, etc., fS^OOO 

One-third deducted for wear, 1,000 2,000 

Cfom. on repairs, . . 20 

l^ort duties' and other expenses, . . . ISd 

8u,fn^Qflp$s, . . . . . |10^000 



ccasravsD nxLowaeir. 



\^ 



&B 117^00 

As 

Aa 

As 



4t 



4< 



U 



U 



20,000 :: 10,000 

30,000 i: ' ^ 
10,000 :: " 
49,200 : : « 
3,000 :: ^ 



Pbqov. W^ole I068, 



2659 J3 Wb '" 
853.24 C'ii " 

4197.95 Ship's L 
682J60 Frt^j. 1^. 

$;0,000<OOafi|AbV^ 



A, B, and € purchase a pasttme to be used bjthen 
joinilj, for ^50, an which A keeps 80 oxen S months; 
B, 100 oxen 2 months ; and €, 160 oxen 1 mouthy 
what part of the cost must each jpaj ? 

It is not necessaij here tba^ ^e time l)e ^xpvessed 
as months ; for it is simply a tmit ; and 3, 2, land t 
show the ratios olf constunption <>f grass, ra^ar tha^ 
4he time; as the :05O nay aHke for 1 month, 1 yeax; 
or 10 years. The miutiplicaticHi vof ihe time and oxeil 
together, shows merely how many oxen, in each case^ 
remain a common length of time in the pasture; foif 
after being thus multiplied, otyd lot is supposed to be 
in the pastuse as long as the otber ; and the differ^ce 
of consumption and price is the effect of the jcyJEerent 
numbers of oxen thus grazing. 

A's 80x3 months = 240 oxen ibr the ^e. 
B's 100x2 " r= 200 " ** « " 
C's 160x1 ^ = 1«) 



u 



JU 



Jll 



xt 



At 



*t 



The whole = 600 

Now, if 600 oxen oost $50, what will 240, 200, an4 
160, cost, respectively ; tbijbsi, 



^00 



240 



^0 



200 

150" 



20 A's, 



€00 



160 
150 



16i B^fl. 



8 



18^ Ca 



Paooi. 20-}-16|-)-13^=jf50 
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A and B cbmpanied; A pnt in 02,000, January 
1 ; but B put in June 1 ; what sum £d he put in, to 
have an equal share of the profits with A ? 

A has 2,000 employed 12 months ; it is, therefore* 
desired to know how much capital belonging to B will, 
in 7 months, make equal profits with the 2,000, 12 
months. Hence, the question is one of inverse pro- 
portion, and is wrought thus,. 



12 

12000 



The demand is on the lefL 



$84284 

, '< In an adventiure, A put in $12,000 for 4 months ; 
then adding ft8,000, he continued the whole 2 months ; 
B put in)^25^00, and after 3 months took out ^10,000^ 
ana continued the rest 3 months longer; C put in 
$35,000 for 2 oaonths ; then, withdrawing f of his 
ffbock, continued the remainder 4 months longer : they 
gained $6,000 ; what was the share of each? 

A's $12,000x4 mos, = 48,000, 1 qq aaa 
A's $20,000X2 " = 40,0004 "" ^^'""^- 

B's $26,000X3 " = 75,000, > .oonnft 
B's $16,000x3 " =?= 46,000, } ='^^"'""^* 

C's $85,000x2 ^ ^ 70,000, ). 7^^^ 
G's $26,000x4 " = 100,000, | — ^<^>w^- 

Whole sum, $378,000 

If 878,000 gain 6,000, what will 88,000^ A's, gaia? 
If 878,000 « «' " " 120,000, B's, « ^ 
If 378,000 «"•**• 170,000, C's, •* 

A gains $1,896.88, ) 

B " l;l,904.76, J =6,0a0, Pboco. 

C " $2,698.41, > 
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'ETom the examples ^ven, we dedace the following 

SUMMARY OF DIRECTIONS FOR SIMPLE FELLOWSHIP. 

, Add the several sums: make the whole sum the 
supposition ; each separate sum, the demand ; and the 
whole gain or loss, the term of answer : the answer 
will, in each case, be the gain or loss on the individual 
sums. 

Proof : Add the several answers, and the whole 
sum will equal the whole gain or loss. 

To make General Average, 

First: Ascertain the value of the cargo; the sum 
of the freight-bill, passage, etc., minus one-half or 
Ofu-third, as customary: the sum total will be the 
general value : 

Second : Asce7'tain the sum of loss, goods thrown 
overboard ; cost of new masts^ spars, rigging, etc.^ 
minus one-third; commission on repairs; port duties, 
and other expenses : add these, and the sum total wUl 
be the loss, Theny make eo^h individual loss the de* 
mand ; the sum of all the combined interests, the same 
name ; and the whole siim of loss, the term of answer. 

Proof : The several answers, added, wUl equal the 
whole loss. 

COMPOUND FELLOWSHIP. 

Multiply each sum of capital by the time invested; 
add the products; make each separate product the 
demand; the sum of the products, the same name; 
and the whole gain or loss, the term of ^answer. 

Proof : Add the several specific sums^ and they will 
equal the whole sum of gain or loss. 

When a part of an investment is deducted, or an 
additional sum paid in, make the remainder, or 
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the increased sum, as the cise may be^ a. neip iiwest- 
mtni for the time that it runs ; arid mtdtiply by the 
time, as before. 

When two or more investments^ made by on^ i^di- 
ffidtt^y are multiplied thus, the separate products may 
be added into one individual product, before bein^ 
placed on the line. 



BARTJES, DUTDBS, ANP COMMEBCIAL BX- 

CHANGE. 

Barter * is the exchange of one article of specified 
value, for an equivalent value in something else, 
jftence, articles in Barter, or Conunerciial Exchange, 
are considered in the ^atio of their separate values or 
qumiiities. 

Ho^ inanj li)ushels of wheat at 50 oeQts per buslielv 
wiU pay for 200 bushels of corn^ at 30 cents pier 
bushel? 

The demand here, is, what will 200x30 oents buy, 
if 50 cents, opposite, buy 1 bushel? Thus 



/f0 



(^00^12 



The answer is 120 bushels of wheat. 
1 The 30 arid 200 are here multiplied, 

T^TT" merely to show that the demand is. the 
' ' price of the whole of the com ; other- 

wise the proportion* would not be recognised. It 
should be stated with the terms to be multiplied, one 
above the other ; thus. 

* Barter is from the Spanish, ftorotar, from the Latin root, v«r(o^ totmm 
or exchang*. This ehan|;e implies eanality in the articles, or the prices of 
the articles, exchanged. Tr6tA itk ' oerivation, it bean a stnldnf rdsem- 
blance to the word i^roporpion. 



SAIC^. 



m 



One hundred and ^w.^^|y, p ^rfore. '. 60, 



M 



m 



wiB pay for 120 Ibtishels of wheat, at 60^ cents per 
Kuskeif ' 



T% aygf ei; ip 2|00 bus^^s of Qpj^. 



^lLi0 — 1 

50 



200. 



If 200 bushels of com, at 30 cents per bushel, pajr 
for 120 bushels of wheat, what is the price' oX XH 
wheat? 



The a^sweT is 6,0 qenta. 






60bt8. 



How 

Villpay 



1 

many pounds of butter, at li^ cents per lb., 
foir 1S| lbs. of bacon, at 10 cents per lb? ' 



Hfirei, tl;Le demand is 1^{ tiqies 10 
cents ; the same name 12-^ cents ; an4 
the term of answer, 1 pound of butter : 
hence, 15 lbs. of butter, the answer. 



fi-^m—^ 



M 



1 



16 lbs. 



How many poun^si of sugar, at 3^ cents pei; ^b., 
will pay fer 20 Ibbls. of rum, 35 galls, to the barrel, 
worth' 90 cents per gallon ?'^ 

120 
90 



The answer >« W.OftO poun^ of sug^ir. 



I-L— 

fl8,0( 



OOP 
fir 18,09P lbs. of B^gar paj foe 201 bbls. of nan; 
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85 gaUons to the barrel, and worth 90 cents per gal- 
lon, what is the sugar worth per lb.? 



2-/l?f000 



1 

00 



81 



What will 1 lb. of sugar cost, 
if 18,000 lbs. oost 20x35x90 
cents? 



If 18,000 lbs. sugar, at 3^ cts. per lb., pay for 20 
bbls. of rum, worth 90 cents per gaUon, howmany gal- 
lons are there per barrel? 






It is seen in this and the preceding 
examples, that all of the constituents 
of the given commodity are placed on 

35 ffalls *^® rig^*» *^d the remaining constitu- 
^ ' ents, of the commodity about which 
the inquiry is made, on the left. If there are four 
constituents on the right for the perfect supposition, 
and three out of four given, for an equivalent m barter, 
the three given, must be placed on the left, and the 
other factor or constituent will be found. It is ob- 
served that the price is placed on the lefi^ to find its 
associated quantity ; or, the quantity is placed on the 
left, to find its associated price, 

BARTER BT RBBUCTION 

All reduction, ascending and descending, is a spe- 
cies of concatenated or conjoined proportion. Where 
articles are of different denominations, or are paid for 
in prices of different denominations, it is very con- 
venient to make these reductions on the line, at the 
same time that the general question is wrought. And, 
if treated proportionally, the statement becomes lucid, 
and the work interesting. 

How many yards of cloth, at 01,25 per yard, will 
pay for 6 tons of iron, and 5 pence per lb., in the cor- 



BARTER BY REDUCTION. 
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renoy* of New England, which is 6 shillings to the 
dollar? 



What will 6 tons make, if 1 
ton make 20 cwt.; what will this 
make, if 1 cwt. make 100 lbs.; 
what will all of these lbs. oome 
to, if 1 lb. cost 5 pence ; how 
many shillings will these pence 
make, if 12 pence, opposite, 
make 1 shilling; how many 
cents will all of these shillings 



Ton. 
Cwt. 
Lb. 
D. 

Sh. 



1 
1 
1 
12 
6 



Cts. 125 



Ans. 



6 Tons. 
20 Cwt. 
100 Lbs. 
6 Pence. 
1 ShO. 
100 Cents. 
1 Yard. 



666| yds. 

make, if 6 shillings, New En^and, opposite, make 100 
cents ; how many yards will all these cents buy, if 
125 cents buy 1 yard? Hence, the answer is in 
yards, 666}; the number that will pay for the 6 tons. 
Let us now prove it, by asking, how many tons will 

Say for 666} yards. The latter number becomes the 
emand; thus, 



The ones are wholly unne- 
cessary in the solution; and 
are ijm merel; to indicate 
the ratio 





3 




Yd. 


1 


2000 Yds. 


Cts. 


100 


125 Cts. 


Sh. 


1 


6 Sh. 


D. 


5 


12 D. 


Lbs. 


100 


1 Lb. 


Cwt. 


20 


1 Cwt. 
1 Ton. 



Ans.\Q tons. 



* On the adoption of Federal Money by the United States, it was found 
that the paper cnnency, issned by the bank of England, for her colonies in 
America, had in all of the colonies depreciated in valne ; in some, more, 
and in others, less, according to the embarrassment of the colony. Hence, 
when it became necessary to represent this currency in each state by oni 
•pecie standard, it was found that in New Ensland and Virginia, 6 shiUins 
nils were worth 1 dollar ; in New York and North Carolina, 8 ; in PennsyP 
vania, New Jersey, Delaware, and Maryland, 7 s. 6 d.; and in Georgia and 
South Cazolina, 4 s. 8 d. The New England currency has been adopted by 
Kentucky, Tennessee, Illinois, Indiana, Missouri, and Mississippi ; and 
that of New York, by Michigan and Ohio. Hence, the reason why the 
currency is different in different states. These methods of reckoning 
money are now very litUe used, and should be entirely superseded ^ our 
beantiful decimal system. Sterling monef derived its name from Ester* 
Hug, who first made the coin. The dollar mark is a combination of U. 8. 
and was originally written U. S. 20.00, etc. 
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We may prove it, again, by finding the cost of 1 lb. 
of iron, which was 5 d^ hence, the o d. is the demand : 



D. 12 


5 D. 


Sh. 6 


I Sh. 


Cts. 125 


100 Cts. 


Yds, 2000 


1 Yd. 




8 3 


Ton. 1 


6 Tons. 


1 


20 Cwt. 




100 Lbs. 


Ans, 


1 lb. iron. 



Denominations of the 
same kind are placed oppo- 
site each other. 



This may be proven, by detnanding cost of 1 lb; iron : 



Lbs. 100 


1 Lb. 


Cwt. 20 


1 Cwt. 


(Tons. 6 


1 Ton. 


S 




Yd. 1 


2000 Yds. 


Cts. 100 


125 Cts. 


Sh. 1 


6 Sh. 


« 


12 D. 


Ans, 


5 pence. 



This might b6 proven by 
several other processes; but 
further proof is unnecessary. 



. How many galls, cordial at ^180 per gal , will pay 
for 10 T. wine, at 6 d. per pt., S. Carolina currency ? 



110 
li 

4 

1 
1 

80.00 
1 



1 
1 
1 

1 



^0 

t 



Am. 



Tun. 

Pipe. 

Hhd. 

Gal. 

Qt. 

Pt. 

D. 

Sh. 



1 
1 
1 

1 

1 

1 

12 

20 

7 



1200 gallons. 



Ans, 



10 

2 

2 

68 

4 

2 

6 

1 

1 



Tans. 

P. 

Hhds. 

Gals. 

Qts. 

Pts. 

D. 

Sh. 



Cts. 1.8030.00 Cts. 
1 GaL 



1200 gaUons. 
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Hhe i7, ibove equal ^SO, olr ^,000 cents, SoutB 
t/arolina currency. 

tn this question, tfiie demand is 10 tuns; the same 
h&me, 1 tun : and the term of answer, the next lower 
denomination, 2 pipeis. Thus,, the anstoer of every 
preceding statement, ts made the demand cf a subse' 
quent question. 

This question may be proven in several ways, as the 
onepreceding. 

How n^anybfurels of whea^ at 60 cts. per bushel, 
will pay for 12 totes of iro^ fit 4 i>ence jper lb., New 
Tork ourrenoy ? 

1100 

?i 
^p 400 — ^ 

^1 
1 



Ant. 



400 



Ton. 1 


12 Ton& 


Cwt. 1 


20 Cwt. 


Lb. i 


100 Lbs. 


D. 12 


4 D. 


Sh. 8 


1 , Sh. 


tots. 60 


100 Cts. 


Btt. 6 


1 Bush. 




1 Barrel. 


Ans. 


400 barreb. 



In New Toric, 6 shillings make 1 dollar ; Hence, the 
8 Qn the left of the line. 
From the foiregoing, we deduce the following 

l>i:BScnONS voR barter, gohmerciAl jsxchangs, xtc. 

Place all of the terms of the commodity whose 
quantity and value are given, on the right; and all 
of the term's of the commodity whose quantity or value 
is required, on the left : the answer tiill be the quan* 
tity or value, aa the case may 6e. 

!PoR Denominate Nitmbers : Place the demand 
first oh the right : place d unit of the same name, or 
the quantity specified of the same name, opposite: 
place the number which this unit makes in reduction. 
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or such other ^piantity of something else as the given 
qtuantity may equal, on the right : place, again, oppo- 
site this last term, on the left^ the unit or other quan- 
tity of the same name, and proceed as before ; mak- 
ing the answer of each preceding, the demand of a 
succeeding question, ad infinitum. 



DUTIES, TARE AND TKET, ETC. 

We shall bring together and consider in one article, 
both Duties and Tare and Tret, because of their al- 
most entire identity, and the similarity of operations 
necessary to reduce them ; both depending alike on 
per centage, as well as losses of tare, tret, leakage, etc. 

Commercial duties are sums of money paid to a 
government, for the priyilege of importing foreign 
goods. The general law imposing these duties, and 
determining their rate and extent, is called a tariff, 
Tarilis are different in different countries, varying 
in their extent according to the necessities which 
cause their creation. In some countries, a charge 
is made on goods, produce, etc., for the ostensible 
purpose of creating revenue to discharge the expenses 
of government; in others, for the purpose of pro- 
tectmg manufactures, or agriculture, by preventing 
the importation of foreign manufactures or agricultu- 
ral products. The manufacturing facilities of Great 
Britain being such that she can, not only compete 
with, but defy the whole worid, she lays a tariff more 
particularly on the products of the soil, both for the 
promotion of industry, with the foil development of 
her natural resources, and the establishment, among 

Tret is from the Latin, trituB, from tero, to wear f Tare it Franohi and it 
from the same root as the Italian tarart, to abaU. 
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ber hbortnj; popiihitioD, Df a long-eherished ejvkm. of 
almost arbitrary tenantry. 

In our own country, to tbo contrary, a tariff 
ia imposed for the avowed purpose of making the 
premium on foreign privileges, pay the expenses of 
our goTomment. Such a tariff, varies in its exac- 
tions, according to the financial exigencies of the 
government. 

We have had a tariff in our country for quite a dif- 
ferent poqiose; tibat of fostering her domestio manu- 
fMtnres. This was necessarily high emmgh to pre* 
vent a large foreign importation, by rendering tha 
profits accruing, too small for consideration. 

Our federal constitutioB expressly forbids any tariff 
between the several states of this union. 

1, la •▼•ly port io tb« United Steto*, Mrl^Mre veiiels are permitted te 
enter, a automhoiue is established bv the government, at which the do- 
^ea assessed on goodi, ue paid. The omcer who examines the cargo, 
determines the duties, etc., is called a cusUnn'kous* tMcer. All importa- 
tions, whether by onr own, or foreign vessels, are alike snigeet to tiieao 
dnties. 

S. Ontioa are divided into q w ctfc and ad ««fereii. 

3. A 99§eifit doty if aeoitain •«» ehttrved on some specified qnantity, as 
a cwt., gallon, yard, ton, foot, etc. This kind of duty is levied without re- 
ference to price. 

4. An ad vahrmm daty is a certain per cent, on the price of the artide. 
This phrase is from the Latw. ad, according to, wsd valanmt vahw ; ac- 
cording to value. 

5. .When specified deties are received, certain allowances are made for 
tare, tret or dirq/K, leakage, etc. These allowances are sometimes a speci- 
fied per cent, on the original quantity ; and sometimes a specified deduc- 
tion on the cvrt., cask, mx, etc.; and are deducted before the duty is re- 
ceived ; otherwise duty would be reckoned, alike on the quantity wasted^ 
and that saved. 

. 0. Tare is an allowance made for die box, bag, crate, eto., which con- 
'tains the article ; and is deducted, either specifically or at a certain per 
cent. It has been customary to allow 12 lbs. on Iho 113, or old ewt. 

7. TVet is a certain allowance on the weiffht after tare is deducted, for 
waste, grease, dust, and other extraneous substances, and is usually 4 Ibt. 
on the 104. 

a Leakage is an allownnce, usually of 9 per cent., on liquids, sildi as 
llqoors, oilf , chemicals, etc.. for waste. 

0. Chroee weight is the weight before any deductions are made. 

13 
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10. BtOtlt is the weight after a part of the dadnetioM ait uada ; ai <W 

Height, after deducting tare, from which tret is to be deducted. 

11. JVM vDtight is what remains, after all deductions are made ; and ia 
the basis on which duties are reckoned. 

12. The rates of loss are different on different articles, according to tbar 
law regulating such deductions. Losses of this kind are sometimea allow* 
ed in individual transactions, in groceries, etc. 



8PECITIC DT7TIJBB. 

What is the specific duty on 1900 galloiis of me- 
lasses, at 9 cents per gallon, allowing 2 per cent, for 
leakage ? 

The first thing to be done, is to find the number of 
gallons, after deducting the leakage. What will 1900 
be reduced to, if 100 be reduced to 98 ; thus, 

Here, 1900 gross is the demand, and 
100 gross, the same name ; while 98, net, 
is the term of answer. We multiply 
the net number of gallons by 9 cents^ 
the specific duty, and find the duty, 
$167,58, cutting off two figures, for 
cents. We should have placed 1 oppo- 
site, and 9 under the 98, saying, what will all of the 
net come to, if 1 gallon, net, be 9 cents ? 

What is the duty on 20 hhds. whisky, at 10 cents 
per gallon, allowing 2 per cent, for leakage ? 



The hhds. are reduced to gallons, as 
in other cases . 



At 6 cents per lb., what is the specific duty on 170 
kegs of tobacco, weighing each 125 lbs, aUowing 6 
lbs. per hundred for tare? 




1 


20 


100 


63 


1 


98 




40 


$ 


123.48 



AD VALOftERff DUTIES. 
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1 

1 



% 



170 

94 



1198.50 



When tare is so mnch per box, 
bag, etc., we multiply bj tne num- 
ber of boxes, bags, or whatever 
thej be: find the whole tare, and 
after subtracting this from the 
whole gross, multiply the net re- 
mainder by the spec&c rate ; thus, 

What is the duty, at 44^ cents per lb., on 80 boxes 
tobacco, weighing each 100 lbs., allowing tare at 20 
cents per box? 

Here, the tare would be, at 20 lbs. per box, on 80 
boxes, 20X80=1600 lbs. Now, 8000—1600=6400 
lbs., net. This net weight is multiplied by the spe- 
eifio rate ;' thus^ 

We find that the duty is $288,00. 
Thus, it is seen, that we can use the 
line to advantage, even in specific 
duties. 






0^00—32 
9 



288,00 



DIRECTIONS VOK SPECIFIC DUTIES. 

TxThd the net weight, and muliiply this by the duty. 

To find the net weighty make the gross sum the de- 
mand: 100 gross the same name: and 100, di" 
minished by the tare, tret, or leakage, the term of an- 
swer: the answer will be the net weight. Place un- 
der the term representing net weight, the duty ; cut 
off two figures in the answer, when the duty is in 
cenis^ and the answer will be in dollars and cents. 



AD VALOBSM DUTIES. 

It may be again observed, that ad valorum duties 
are reckoned on the cost price of the article ; hence, 
no deductions of tare, tret, etc., are made, as in spe- 
cific duties. The duty is reckoned on the invoice of 
goods, in the same manner that premium is reckoned 
on insurance. 
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1. Aft imf0U* u a biU (ivipr im Ml the foodt, and M^tiag fiirti^ UM prie« 
sf each vtiole. 

S. To {Mvvent decaption, this biU must be verifitd, os sworn to, hj tb« 
owners, or one of Uie owners of the goods, to the effect, that the invoica 
presents a trae statement of oost prices ; and that no dific^wU, drau^fit^ 
or bmimttf hk» been named, that has not been actdliUy allowed. 

9. Tkiaoath shall be administered by a eofM»2, commercial agent^ or 
other duly anthorized officer, in tba eoantry where the -goodt aie pwh 
chased ; which fact shall be duly certified by saoh oonsni or agent. . 

i. The officer thns actinc, who commits any firand, kk making tkf in- 
voice too small, etc^ is liaMe to heavy penalties. Onr government keeps a 
oonsni, or oUker eommcBeial agent, in every important part of the worl^ 
for this purpose, except where they are forbidden admittance bv the laws 
pf the country, as has, niitilrecenUy, been the case in China. — Set Lamt pf 
ik$ United Statee, 

What is the ad valorem duty, at 20 per oent^ on a 
lot of boots and ehoefli, worth ^,000 ? 

The question is, what duty will ^40,000 give, tf 
flOO give $20 duty? thus. 



^00 



$ 



40,000 
20 



8,000 



We find that the duty is $8,000. 



A lot of Italian silks oost $9,100 ; wnat is the ad 
valorem duty on them, at 43 per cent.? thus, 



m 



$ 



9,100 
43 



8,913 



The answer is $8,913. 



What is the duty on an invoice of socks, whidli cost 
$3,963, at 26 per cent.? thus, 



4-^00 



8968 

990| 



We might suspend the 100 on 
the left, and cut off two figures for 
decimals of a dollar, on the right. 



When the rate is the aliqnot part of a dollar, we may veir mndi sAnridge 
the operation by saspending the 100 on the left, and mnlUplying by s^ 
fractional part of a dollar, as the rate makes, as above : S5 per cent, is the 
4^ of 100 ; hence, we may multiply the 3963 by 4, which is eqaivalent to 
simply dividing it by 4. 

At 22 per eent., what is the duty on $71,000 wcnrth 
of crockery- ware ? 
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lOS 



This aoswer is obtained in dollars. 






71,000 
22 



15,620 



What is the dnty on 20 tons of wool, at 30 cants 
per lb., the duty being 60 per oeot.? 

The first point is to know how mneh 
the wool comes to in cents ; hence, the 
reduction descending, found in the 
statement. After being reduced to 
pounds, it is multiplied by the price 
per lb.; lOO is plaoed oppoate ; ana the 
rate, last on the right. 



1 
1 
1 



20 
20 

30 
60 



$17200.00 



We will now consider tare and tret in a different 
form, tn ordinary cases coming undet this head, 12 
lbs., on the 112, are deducted for tare. This 112 lbs. 
was the old standard for 1 cwt.; but is not now used. 
It has been customary to deduct 4 lbs. per 104 fo* 
tret, after the deduction of the tare* This cusloxa 
has pretty much gone out of use. The 12 lbs. de- 
ducted for tare, should be deducted from 112; not 
from 100, as is dishonestly done by some dealers. 
Deducting 12 from the 100, instead of 112, is simi- 
lar in principle to the deduction of false discount. 

In this, as in many of the departments of arithme- 
tic, too much attention is given to questions merely 
theoretical, in which denominate ntunbers are used. 
Such as have no existence in business. We neytt hear 
anything of lbs,, qrs,, cwt, etc., in bufuness. Hence, 
the impropriety of introducing such questions into 
a practical treatise. 

It is to be regretted that our whole system of de- 
nominate numbers, with the exception of Federal 
Money and Avoirdupois Weights, is so varied and 
irregular; while the decimal substitute oould be made 
with great ease and palpable advantage. 
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We Bubjoin a few questions inyolTing commercial 
tare and tret : 

What will 1 ton, gross weight, of hemp come to, 
at 08,62^ cents per gross cwt.? • 



W* 
4 



$ 



726 



72,50 



We here nse 2240 lbs. as the gross 
ton. The price per cwt., or per 112 lbs., 
gross. Being in cents, the answer is cents. 



Or, what will 20 cwt. cost, if 1 cwt. cost 92,62^7 
thus, 



e 



726 



72,60 



The answer is 072,60, as before. 



What will 8 tons tobacco come to, at 10 cents per 
lb., allowing 10 lbs. per 100 for tare ? 

1 
1 
1 

I 



8 

20 
90 
10 



The answer is $1440,00. 



1440,00 

What wonld be the duty on the same at 37^ per 
cent.? 



1 
1 



8 

90 
10 
76 



640,00 



Above, 1 ton equals 20 cwt., and 
1 cwt. equals 90 lbs., net ; while 1 lb. 
net equak 10 cents, and 100 cts., give 
Y cents duty. 



I haye 1600 lbs. of cotton, worth 6 d. sterling per 
lb., net; and wish to know the duty, if I allow 15 
lbs. per 100 for tare, and 4 lbs. per 100 for tret, the 
duty being 40 per cent.? 

We reduce the 5 d. to Federal money, by using £X 
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on the left, whioh equals ^84 on the right ; or bj 
Baying that 20 shillings equal M,84. 



This combination is quite 
simj^e, and enables us to 
arrive at the result with 
very few figures. 



6— i^— ^00 #—17 

^1 

0—^00484 



9 



49,36J 



Bought 200 hogsheads of sugar, on a credit of 12 
months, weighing each 1500 lbs., gross, for which I 
pay 2^ cents per lb., net, the deduction for tare bein§ 
y per cent.; how must I sell it, so as to realize 80 per 
pent profit^ being allowed 5 per cent, discount? 



^00 

i^oo— 5 

0^-13 



« 



11700.00 



Here, instead of saying { 1 

in the discount, that 105 /L00 

is reduced to 100, and using 1 

another 100 on the left, from . 4 

which to advance to 80 per ji — fi^ — ^0/^ 
cent., we say that 105 ifisr 1 180 

count is advanced to 180 
profit. 

What would the sugar be sold for, in Havre, after 
deducting 20 per cent, for duty, from the prime net 
value? 

;400 
i.00jLp60 — 5 
0^-13 

^—iiii—Mk 80 



m 



180 



9360,00 



Hhd. 1 


1200 Hhds. 


a. 100 


1500 Lbs., gross- 


Net. 1 


91 Net. 


2 


5 Ots. per lb- 


Dis. 105 


• 


M. D.lOO 


80 MiiMisduty- 




180 Profit. 



Above, we find first the number of lbs.« then 4e^ 



IM saiitet's impboved abacus. 

4iict th« tare; find the cost of the whole at the prie^ 
per lb.; deduct the discount, and instead of reducing 
the 105 to 100, merely reduce it to 80, which is allow- 
ing for the 20 per emit. duty. It is not necessary to 
ttse the two one hundreds which eome hetween the 10& 
and 80, in which 105 is reduced to 100, and 100 
again to 80« The duty being now deducted, and giT- 
ing the net cost, we adTance 80 per cent., and find the 
selling price, which is ^9,360. This answer m^ht be 
obtained in francs, by placing 93 cents opposite the 
^ cents, and 5 franca on the right under the 2^. Al^ 
though the discount would then be made on the 
francs, the question would be the same; as the Taluft 
would not be changed^ 

BiBJGcnoitt t6ft An tAjj&Bjm vcnxs, task and 

TBBTy BIO. 

To find' ike ad vedorem duty, make the whole sum 
the demand ; 100, the same name ; and the rate duty^ 
the term of answer. The answer will he the duty in 
dollars^ or dollars and cents^ according to the denomi^ 
nation of the sum. 

Or, Multiply the whole sum by the rate duty, ami 
Mrike off two or mow figwres for cents, as t^ie case 
may be* 

Fob Tab-b ani> Tbkt: Phxce the^sum on the right f^ 
the standard on the left ; and the standardyjeduced by 
the tarey on the right. The aoMwer will be the net 
weight. 

Bob I>tm: P^ace 100 on the hft, and the rat& 
duty on the right : the answer wiH be ike duty in the 
denomimaition of the sum,. 

To make Discounts, Pbofits, Losses, etc.: Place 
100^ increased by the raki discount^. On the left ; arid 
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100, on the right: also, 100 on the left, and 100, iw- 
creased by the gain per cent., or reduced by the lost 
per cent,, on the right. If there be discount, and profit 
or loss, both in the same question, suspend the two one 
hundreds. 



COMMERCIAL KXCHANOX. 

Operations in this department of numbers are iden- 
tical with those of Conjoined Proportion; hence, the 
statements are simple and easy, the demand being 
placed cm the right, the same name on the left, and its 
equivalent on the right, as the term of answer* 
Again, this term of answer becomes a new demand,! 
while a term of the same name is placed opposite, and 
its eqnivalent in value again on the right. This order 
is, however, frequently interrupted, by the introduc- 
tion of discounts, gains and losses, reductions, etc.; 
yet such may be easily interwoven and combined in 
the statement by the reflecting student. 

Bought 2,200 lbs., gross weight, of wool, and was 
allowed a deduction of 5 lbs. per 105 for tret ; I paid 
for net weight 3 s. 6 d. per lb., New York currency, 
and having a credit of 12 months, was allowed a die- 
count of 10 per cent, for ready money ; for how much 
did I afterward sell the whole to gain 20 per cent, on 
my investment-? 

^-^^-^0^ 4^00 
110^^ 



tit 



O. 10512200 Gross 






Ans. $1000 



Net. 1 
^2 
Sh. 8 
Dis. 110 
Par. 100 



100 Net. 

7 Shillings. 

1 Dolkr. 

100 Par. 

120 Profit. 



$ 1,000 
Above, what will 2|200 gross be reduced to^ if 106 
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gross =100 net; and 1 lb. net = | shillings; and 8 
shilliogs = ^1 ; and $110, in discount, is reduced to 
MOO par ; and $100 par, opposite, is advanced to 
^;120, 20 per cent, profit? Li the solution, the two 
lOOs, par of discount, and par of profit, were left out; 
and 110, discount, simply advanced to 120, profit. 

Bought 1,500 lbs. of butter, at 7 d. 2 far. per lb.. New 
Jersey currency, and was allowed 30 lbs. per 100 for 
firkin, and 4 lbs. per 100 for impurities or tret. I had 
a credit of 1 year, at 5 per cent, interest, but paying 
the cash, was allowed 5 per cent, discount. I inune- 
diately iiold the same so as to realize 60 per cent, 
on my money invested: what did I get for the butter, 
in Federal money 






^iU 






e 



^^^-f^ 



8 
160 



128 



G. 


100 


1500 


Sut. 


100 


70 


Net. 


1 


96 




2 


15 


D. 


12 




Sh. 


20 


1 


£'s. 


3 


1 


Dis. 


105 


8 


Par. 


100 


100 
160 




% 


128 . 



Gross. 
Suttle. 
Net. 
Pence. 

Shilling. 

Dollars. 

Par. 

Profit. 



A merchant has 20,000 lbs. of cotton, which he can 
sell a t 4 d. per lb., New England currency. Pail* 
ing to find a purchaser, he gives to A, in barter, 4-}- 
lbs. cotton for 15 lbs. of butter : he then barters 
with B, giving him 40 lbs. of butter for 3 yards of 
gambroon : again, he barters all of his gambroon with 
C, giving him 2j- yards gambroon for 2 yards broad- 
cloth : now, he barters his broadcloth with D, giving 
him 11 yards for 12 yards linen ; and to E he gives 
30 yards linen for 8 cwt. sugar : he now barters his 
Bogar with F, giving 3 cwt. of sugar for 50 gallons of 
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melasses : aflber tkis, be gives G- 4^ ealls. melasBes for 
1^ galls, of rum : he gives to H 400 gallons of mm 
for 3 horses : and, finaUy, to J he gives 2 horses for 
120 sheep: he sells his sheep at 01,80 cts. per head; 
how mucn is he gainer or loser by trading, instead of 
taking the original offer for his cotton ? 



Lbs. 9 



20,000 Lbs. 
2 



B. 40 


15 


Butter. 


Ga. 5 


3 
2 


Gambroon. 


C. ^ 


2 
5 


Yds. cloth. 


L. 30 


12 


Linen. 


Su. 3 
M. 9 


8 

50 

2 


Cwt. sugar. 
Galls, mel. 


2 


3 


Galls, rmn. 


R. 400 






H. 2 


3 


Horses. 


S. 1 


120 
180 


Sheep. 
Cents. 


$ 


48000,00 


1 

*0 

3 


40000 

1 
1 

10,00 




Ans. 


1111,11* 



1 



15 


2« 

2 
5 



0ifi 
8 

2 

m 



1—2 



^R». 1(48000,00 



llll.lli 

Am. $46888,88| 

In the last calcnlation, £3 equal $10 ; hence, the an- 
swer above; which, subtracted from the amount ob- 
tained in exchange, leaves for the gain of the merchant 
in tnkding $46,888,88| cents. The answer of the 
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fint question is cents, because the price of one riieep, 
last on the line, is cents. 

From the foregoing we deduce the following 

DIBECnONS FOB COMHIBCIAL BXCHANOX. 

Make the gross quantity the demand; the specific 
quantity the same name; and the specific quantity of 
the article which it equals^ the term of answer : repeat 
the process, and continue the concatenation of state-' 
ment, until the last term of answer is placed on the 
right ; a9d the anstoer will be in the denomination of 
such last term. 

When tare, tret, or other per cent,, is to be deducted, 
place the standard, whatever it be, on the left ; pUtee 
the same standard, reduced by the deduction, etc., on 
the right, for suttle, net weight, etc. 

When a discount is to be deducted, place the 
amount, 100 and rate, added, on the left; and 
100, on the right, for present worth : 

When a given per cent is to be gained or lost, 
place 100 on the left, and 100, increased by the gain, 
or reduced by the loss per cent., on the right ; and the 
answer will be the advanced or reduced price. 



DECIMAL FRACTIONS. 

Before commenoing the article on Menraration, it may be well to giro 
■ome few general remarks on decimal fraction*, that the piroil may be pre< 
pared to nse them intelligibly, aa they constantly occur in tnis department 
•f nnmbers. 

Decimal fractions being of little service to the ordinary ariUimetician. 
•zcept in Multiplication, Division! Addition, and Subteaction, we shall 
give only snch an outline of their nature and relations as will meet the 
wants of the practical calculator. Consequently, the reader will not look 
for an elaborate explanation of abbreviations in decimal calculations ; of 
circulating decimaiB ; or even of the four divisions mentioned. 

Units are divided into regular and irregular 
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fraetimis. Wlien diTided into 8ds» 4tli8, Mis, 16tbi, 
etc., they axe called irregular or common fnoiaomf 
having Bnfih denominator as indicated by the number 
of equal parts into which the unit is divided. 

In decimal fraetions the unit is divided into ten 
equal parts; while, again, one of the latter is divided 
into 10 parts, making t^ths, hundredths^ thousandths, 
etc. Hence, the name decimal, from the Latin, 
decern, ten. 

If units increase in a tenfold ratio, iron right to 
Ib^ certainly, from left to right, they decrease again 
in the same ratio. Now, continuing this decrease, 
from the units place to the right, it is palpable, that 
numbers decrease in each successive order, in the ratio 

^^ ^v* tH» toVo> ^^'* without limit. Hence, the 
first figure to the right of units, is ten times smaUef 
than units; the second one hundred times smaller; 
the third, one thousand times smi^er, and so on. 

The point ( . ) is placed between whole numbers and 
decimak to distinguish them ; and is called the sepa- 
ratrix or decimal point,. The denominators of the de- 
cimals .3, .4, and .07, would be fV> tV» iVir- Hence, if 
the decimal numerator bdong to an order of decimftb 
below tenths, a sufficient number of eiphers must be 
prefixed to such numerator, to supply the place of the 
vacant orders. In the case of y}^, above, it is neces- 
sary, in showing that the 7 occujpies the hundred's 
place, to place a cipher before it, to fill the tenth's place. 
If the 7 were j^iif^y ^^^^ eiphers would be placed at 
the lefl for this purpose, and would be written, thus, 
.0007, with the cipher prefixed as far as the order of 
tens. From this we see, that 

The denominator of any decim^X fraction is a unit, 
with as many ciphers annexed, as there may be figurtt 
in ike numerator. 

This is reasonable when we reflect that the denomi- 
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nator of each separate figure in the numerator, is ten. 
Consequently, 

7%ere must be one figure less in the numerator^ 
than in the denominator. 

If it be necessary to express three, seven hundred 
thousandths, we know that as there are six figures in 
the denominator, there must be five in the numerator; 
and, as the 3 belongs to the order of hundreds of 
thousandths, the five vacant orders must be filled by 
figures that express no value ; thus, .00003. Hence, 

Ciphers prefixed to decimal digits, have no active 
value, and serve ordy to show the order occupied by 
such digits. 

The orders of decimals and their names may be 
seen in the following 

DECIMAL TABLE. 



. 1 5 g .2 •• § a* :2 • 



5347.457923865497329 





H n cr 



by or snipend the 4 and 5, and say that the 793, being of the order of nnn- 
dred thoniandths, taken tocether, may be expressed, thns, .00793; the two 
> ciphers prefixed, showing the order to which the 792 belongs If these tw» 
ciphers were left out, the 793 would be so many tkouaamiUu only. 

Three, decimally expressed, would be .3, or ^; 
but, with a cipher prefixed, it would be .03, or j^-^. 
Hence, 

Each move of a decimal one place from the dect'- 
mal point or unit, decreases its value ten times. 
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Cipbers annexed to decimals do not change their 
value; as the significant decimals occnpj still the 
same order or value in relation to the unit s place. 

In decimal fractions, the denominator is ncTer written 
or expressed ; and is only understood. A great ad- 
vantage in the use of decimals is, that instead of mul- 
tiplying or dividing by the denominator, as many 
figures may be cut off, as there are tens in the 
denominator. 

We give a few examples in the 

ADDITION OV DECIMALS. 

Add 318.972; 4.38; 62.7895; and 3412.013; 
thus, 

318.972 
4.38 
62.7895 
3412.013 



3798.1545 



All of the units in the whole numbers 
are written in a column ; 8, 4, 2, and 2. 
At the right of this, the decimals are 
written, tens under tens, hundreds under 
hundreds, etc., each order under its sep;- 
arate column, and under a similar order. 
We add, as in other cases, beginning at the right, and 
carrying all that may be over nine to the next figrure 
at the left, both in the decimals and the whole num- 
bers. After this, the separatrix is placed in the sum, 
in its own column, under the similar separatrices in 
the sums above. Therefore, 



TO ADD decimals: 

Place down the several whole numbers and deeu 
mals, units under units; tenths under tenths; hun' 
dredths under hundredths, etc: add as in whole num^ 
hers, and place the separatrix of the sum under the 
separairices above. 



3ffc| RAUIVY'S mmOYBD ABACUS. 

8l}BTEACTIi09i OV BBCBCAI^* 

Snbtraetion in decimals is performed as in case of 
whole numbers. Let the smaller number be writteft 
under the larger; units under units; tenths imder 
tenths ; hundredths under hundredths^ eto. 

Prom 972.S856 subtract 298.634 ; thus, 

972.3856 
298.534 



Nothing being under the 6 at the right 
hand, we say, from 6 leaves six : 4 from 
5, one ; 3 from 8, five ; 5 from 13, eight ; 
9 from 12, 3, and so on ; borrowing as in 



673.8516 

the subtraction of integers. Hence, 



TO SUBTRACT DECIMALS: 

Place the smaller of the two numbers under the 
larger ; units under units ; tenths under tenths ; hun- 
dredths under, hundredths^ etc,: subtract as in whole 
numbers, and locate the separalrix, as in {addition of 
decimals. 

If there be a larger number of decimals in the lowsr 
than in the upper number, ciphers may be annexed, ad 
inftnitum, to tne decimal in the upper number. We 
have seen before, that ciphers thus added, do not 
change the value of the number of decimals to whiek 
they are appended. 

MULTIPLICATION 07 DBCIMALS. 

Multiply .46 by .5 

We proceed as in ordinary multiplication ; thus, 

.46 
.5 



.230 



If a whole number be multiplied by a deci- 
mal, the answer will be a whole number and a 
decimal combined ; if a decimal be multiplied 
by a decimal, the product, according to the 
laws of multiplication, must be decimals only; for 
decimal factors cannot produce integers ; nor can in- 
tegers produce decimals ; that is, the product must be 
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of the denownatioii of .tbe multipUoaQd ^d the mul- 
tiplier. Hence, as both o^ these, in the question 
«abo7e, «re deeimab, the product must he decimals; 
and as there are no integers, there can be no integen 
.IB vtbe result. Therefore, 

As fnany figures must he cut off for decimals, as 
tKere are decimal faciorSj or places in both the mid^ 
Uplicand and multiplier. 

As ciphers, appended to decimals, have noyalu0».tl^ 
cipher in the result above may be dropned, and the de- 
cimal called ^ hundredths, instead 2o0 thousandths, 
which is equiyalent, as before. 

Multiply 27J^.437 yards of cloth by 3.07 doUars per 
yard; thus, 

Here, both the multiplicand and mul- 
tiplier have both integers and decimals : 
hence, t]i^v^ are both integers and deci- 
mals in the answer. Cutting off five 
places for decimals, the answer is 
|846.59159; or 59 cents and 159 thou- 
sandths of a cent. Hence,* 



275.437 
8.07 

1928059 
826311 . 

845.59160 



*SH0BT MEXnon OF MULTIPLYING BXCIHALS. 

In cases where the multiplier is 10, 100, 1000, 10000, etQ., 
the decimal point may be removed as many figures to the right, 
as there are ciphers in the multiplicand. Thus: Multiply 
198.7486 by 100. Thus, 19874.86, ilns. 

Decimals below the 4th and 5th orders, are so small as. to be 
«f very little Yalne : hence, when the decimal places are very 
numerous in the multiplicand and multiplier, or sither, and it 
is not desirod to extend the calcu\ation beyond 4, 5, or 6 deci- 
mal places, it becomes necessary to resort to a method of .nnd- 
in|r tne product without multiplying to whole number of de- 
cimals. This is done as follows: We assume the foUowing, 
in oniinary multiplication: 

The left hand 6gure of the multiplier may be multiplied by 

14 



f^W 
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TO HXTLTIPLT BSOIMAL VKACTIORS. 

Proceed as in the muliiplication of whole number $; 
cutting off as manp figures in the product for deci- 
malsy as there may he decimal factors or places^ both 
in the multiplicand and multiplier. 

When there is a larger number of decimal places 



fizft. If tens are still traced nader tens; hundredi uikder 
liiindrMbr, etc.; thus, 



1284 
2475 



1284 
2475 



2568 
5136 
8988 
6420 

3177900 



2568 
5136 
8988 
6420 

3177900 



Hence, as above, commencinsf with the left hand figure in 
the maltiplier, and causing the scale to descend te the right, 
prodnces the same result, as multiplying first by the unit's 
place and descending to the left. 

Now, it is evident, that we may multiply in cases of deci- 
mals in the same way, and by carrying the multiplication to 
a certain number of orders to the right, to get the product of 
the orders so used, throw away all useless and minute mul- 
tipliers. 

liet us multiply 3.8734 by .37854; thus, 

2.872'4 

.3785 4 ^^^ ^^ ^^^ figures to the right of 

the vertical line, are useless, as there 
are five places of decimals on the 
left of it, being as many decimals as 
desired in the product. 

Tn placing down the entire pro- 
ducts, the figures on the tight of the 
line serve to show what nnmbeis are 
carried to the first place of decimals 
retained on the left 



8617 2 




2010 6 


8 


229 7 


92 


143 


620 


11 


4896 


1.0873 1 


8296 Ans, 



2.872'4 


.3785 4 


8617 2 


2010 7 


229 8 


14 3 


11 



1.08731 Ans. 
this 7 and the 
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in the multiplicand and multiplier, than in the prO' 
tluct^ prefix ciphers to the product until the defi' 
ciency is supplied. 



We may now show how to get the figures on the left of 
the line, without having to m&e those on the right 

We multiply the' first right<hand figure of 
the multiplicand, by the left-hand figure 
of the multiplier, placing the product un- 
der the figure thus multiplied. We next 
multiply by the second decimal multiplier, 
7. Multiplying this into 4 would necessa- 
rily cause the product to be placed one 
move to the' right of the former product, 
2; and, as this is unnecessary, we multi- 
ply the 7 into the second figure from the 
multiplicand, 3, carrying to the product 
the nearest number of decimals which 
suspended 4 would make. Seven times 4 making 28, 
nearly 3 decimals, we say, 7 multiplied by 3 equals 14, and 3 
added, mak^ 17. Hence, the 7 is placed under the 2, at the 
riffht, and 1 carried to the product of 7 into 7, which makes 
4S, making it 50, and so on. We nraltiplv again by the next 
decimal multiplier, 8, suspending both the 4 and 2, at the 
right of the multiplicand, and carry its product into the 7 
above, the nearest number of decimals that the 2 and 4 make. 
Thus, 8 times 7 are 56: now, 8 times the former 2 are 16, 
and 8 times 4 are 32 ; carrying 3 from 32, to 16, makes 19; 
very nearly 2 decimals: hence, 2 added to 56 make 58; the 8 
being placed under the right-hand column, and the 5 carried 
as before. In like manner we proceed next with the 5 and 4. 
After multiplying 8 by 5, we carry 3; because 5 into 7, the 
suspended order, makes 35, which we call only 3 decimals, 
although it is three and a half, allowing this half over 
3, for the deficit in previous numliers, where the number of 
decimals carried, was rather too large. Thus, the numbers 
become pretty well balanced. 

Above, we must always cast off one figure less in the mul- 
tiplicand than the number of decimals which we wish to re- 
tain: for the first decimal figure of the multiplier, when mul- 
tiplied by, would otherwise give one factor too many; and 
consequently, one place of decimals too many in the product. 
The first multiplier will, however, be multiplied into the re- 
jected figure, and the nearest number of decimals in the pro- 
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DIVISION OP DECIMAL FJIACTION0. 

How many gallons of melasses, at .4 of a dollar per 
gallon, can be bought for .96 of a dollar? 

Bere, .4~equals -fjf ; *Bd .96 equals -f^. We bow 
^Tide the latter common fraction by the former; 
thofi, 



m 



^—u 



^M> 



The answer is in units of gaUons. 
Now, instead of dividing 24 by this 
10 on the left, it is quite as easy to 
out off one figure at the right of the 
24; thus, 2.4, and the 4 is understood as ^, or :& de- 
cimaL Hence, it may be divided decimally ; thus, 



2tV 



.4) .96 



In this division, the decimal on tBe left, 
equals or neutralizes one decimal on the 
right: henoe, tbe:r«mainiiig decimal ibetconi^s 



2.4 

A. unit. 

In multiplying decimals, the 'product must have as 
many decimals as there are decimals in both the mul- 
tiplicand «and multiplier. The dividefid is alioaps 
equal to the product of the divisor and quotient; 
hence there must be as many decimals in the divisor 
land quotient, taken together, as there are in the divi- 
dend. Therefore, 

To locate the decimal point, ascertain the differ' 
ejice between the number oj decimals in the divisor 
and the dividend ; the remainder will be the number 
of decimals to be cut off, in the quotieiit. If there are 
not as many decimal places in the quotient as the dif' 
ference, pr^ ciphers to the quotient, until the num- 

duct, will be carried to the product of the first figure of the 
multiplicand. The rejected figure is in the column of the 
last decimal of the answer. Hence, count to the left from 
this, and locate the decimal point accordingly. 

This sulnect cannot be treated elaborately here; as it he- 
longs to JBltmeuLary Arithmttie, 



DITISION OF DECIMALS. 



200k' 



her in the quotient equals the tmmher in the dif" 
ftTtntt, 
Divide .00954 by 3.08. 



3.08>.00954(.003 
924 



30 



the .003. 



The answer is 3 tfaousandthft. 
By annexing ciphers to the 30, the' 
division may be continued, and the 
quotients placed at the right o£ 



Bow«T«r fiir the division maf be carried in this example, it will not tei-- 
minate. It if caHed a t^rtnOatimg ieeimtU. The diriUmi h«g been eon* 
tinned on to fourteen places, giving the following, 

.00309740292207792 

When the number of deoimals in the dividend and divisor, is the same, 
the qmotient is a whole nmnber. V7hen there are not as many decimals 
in the dividend as ih the divisor, annex ciphers to the former nntil they 
■reeqital. 

It is generally very useless to carry decimal calcnlations further thaa 
IbiroraVefiggiee 

TO DIVIDE DECIIIAL TBACTIONS.* 

Proceed as in the division of whole numbers ; atkd 

^CONXBAOTION IN THE DIVISION OV ITBAOTIONS. 

Division of decimals may bo very mnch abridged when 
there w a very large number of decimal plaoee in the divieory 
as in the following example. 

Divide 4.3135 by 3.2364, retaining fonr decimal places in 
the answer. 

GMRtnon BMiod. ContradUm. 



82364)4.3125 
8 2364 


(1.3824 

o" 

2_ 

80 
92 


3.2364)4.3125(1.8824 
3 2364 


10761 
9709 


10761 
9709 


1051 
970 


1052 
971 


80 
64 


880 
728 


81 
66 


16 

12 


1520 
9456. 


16 
18 


3 


2064 


8 
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cut off, in the quotient, a number of figures equal to 
the exeess of the decimals in the dividend^ compared 
vfith those in the divisor. If the number of decimals 
in the quotient he too small, prefix ciphers until the 
number equals the excess^ above named. 

Reduce the decimal .225 to an equivalent common 
fraction of the lowest tenn. 

Subscribing the denominator, .225 becomes T^/r- 
This reduced to its lowest term is -f^. Hence, 

TO REDUCE naCIHALS TO COMMON FRACTIONS. 

Cancel the decimal point, and place the denomina^ 
tor below the given decimal ; reduce the fraction to its 
lowest term, and the answer will be an equivalent 
common fraction, in its lowest term. 

The first figure of the quotient is 1. Now, instead of an- 
nexing a cipher to each remainder, and thus multiplying it 
successively hy 10, we reject at each separate division the 
right-hand figure of the divisor, which is equivalent to divi- 
ding it successively by 10. In multiplying the last unrejected 
figure in the divisor, 6, by the second quotient figure, 3, mak- 
ing 18, we carry 1, which is the nearest decimal that the pro- 
duct of the 3 and the rejected 4, will make. The decimal 
accession, from the rejected figures of the divisor is consid- 
ered in each subsequent multiplication and division, until the 
4 required decimal orders are found for the quotient. In 
multiplying the 3 in the divisor, by the third 3 of the quo- 
tient, the product is increased to 11 by the accession from the 
last two rejected figures, 3 times 6 making 18, and 3 times 4 
making 12, the sum of which is 20, or 2 deoiraals. 

If the divisor has more figures than the number required 
m the quotient, including integers and decimals, take as many 
on the left of the divisor as required in the quotient, and di- 
vide by them, as in other cases. 

If the number in the divisor be smaller than that required 
in the quotient, divide as ordinarily, until the deficiency is 
filled; after which, contract as before. 

When the divisor is 10, 100, 1000, etc., remove the separa- 
trix to the left, as many places as there are such ciphers; and 
the division will bo performed without further reckoning. 
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Heduce 4 to an equivalent decimal fracticm. 

We multiplj the numerator and the denominator, 
each, by 100 ; because the product of two tens into 
the nxmierator, is the smallest number that can be di- 
vided by the denominator, 4. This makes }{^f , which 
divided by the original denominator, 4, gives i^^. 
This -f^^ = .75; for always dividing the product of 
the numerator and denominator into tens, hundreds, 
etc., by the same d^iominator thus multiplied, it ia 
evident that the denominator must always be composed 
of tens. Since, therefore, these tens, hundreds, etc., 
in the denominator of a decimal, are useless, we avoid 
the process of getting them, and simply annex ciphers 
to the numerator of the common fraction, and divide 
by the denominator, until an exact result is obtained, 
or as many decimal places as requisite ; Thus, 



4)300 
.75 



The division here terminates in two places 
of annexed ciphers. Again : 

Reduce ^ to a decimal, 

Here the divisor tenninates in one place of { ^— 
annexed ciphers. J^ 

Reduce %* to tk decimal ; thus 

3) 200000000000000000000 

60666666666666666666+ 

I 

TO REDUCE A COMMON TO A DECIMAL TRACTION. 

Append ciphers to the numerator, and divide by the 
denominator^ until the denominator terminates^ or 

• This is called a repeating decimal ; showing that altboni^ tha prooesi 
tnight be repeated ad in/uDUvm, yet the true result would never be ob- 
tained. Hence, although we get nearer to the trae answer at every step, 
yet, we would never get it entirely, although the division were oontinned 
forever. In snch oases the division need not be carried fWther than from 
four to six places, as in the seventh place one of the sizes would be only 
^..——£.——7 a very miavta wtd soaroaly coaceivable common fraotion. 

I 0» ' 

rhe plus matk is appended to show that it js atiU jmpeffleet. 
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until a sufficient number of decimah is obtained. Cut 
nff, fat decinlalsy in the quotient, a number of places 
iqual to ihe number of ciphers annexed. 

When ihe figures in the quotient are not equal to 
the number of ciphers annexed^ prefix ciphers to the 
quotient^ until the deficiency is supplied. 

The method of poitating off above, will appear reasoaabte, vhetf we re'< 
llnct, that eveiy cipher annexed to the nnmerator, multiplies it by 10;- 
hence, after it is divided by the denominator, the quotient ^iVi be tea. 
tfanes too lar^t and should, consequently be divided ^ain bylO. This it 
done most easily,, by cnttinf off one figure toward the feft. The same rea- 
spning is true as regards annexing two, three, or more ciphers^ an^ increat* 
iag in the multiplication, by 100^ 1000, etc., neoessitatmg a division of Mb» 
result br the same numbers. Hence, the propriety off striking off a num- 
iKsr 9f ilgures in the result, fbr decimals^ equu tb' the number of cTpWrs, 
appended. 

To reduce compound numbers to deeimaU, Rtduce ike denom-' 
mate nunAer to a fraction of ^ denomnation required, dnd 
ihia fraOAon, to a deeimaL 

Reduce 5 shillings 3 pence to the decimal of a pound. 
58. *i60d; and 604-3-^3 d: now, £li--240 d: hence^a^ 
of a pound must now be reduced to a decimal, thas» 

S4)63000(.2625 
48 



150 
144 

60 
48 

130 
130 



If we divide by the 340, there would be 
a cipher In the unit's place; biit draping- 
the cipher in the divisor, we have no unit 
in the quotient, and place the decimal point 
at the left of the answer, which is i2625 
decimals of a pounds 



Reduce 15 minutes, 30 seconds to the decimal of an hour. 

15X60—300+30—930 seconds: now, I hour containat 
^600 seconds: h6nce>, reduce -^^^ to a decimal; thus» 

36)9300000(.258333 

The result is .358333. This is a repeating decimal; hence,, 
the calculatioii is discontinued at six places. 

All other reductions in denominate nnmb^t may be mad* 
as these. 
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MENSURATION, 

OR 

PRACTICAL GEOMETRY.* 

Mensuration is that department of the 
I ffbience of numbers, which treats of the nieas- 

urement of lines, supeidces, solids, &c., and 
i^ derived from measura^ measure. 
I The general principles aiid laws regulating 

L tihis department of the science, are derived 

I from Geometry. 

I Geometry is the science of magnitude, in all 

its various forms and relations ; and is divided 
into practical and theoretical. The latter 
^ treats of those portions which are so complex 
as to require symbols arid the higher mathe- 
matical formulae for their illustration: the 
former treats of such portions only, as depend 
on the simple relations of numbers, as mani- 
fested through proportion. 

Geometry is from 71?, the earthy and /iffpw, 
measure, and primarily signified the m^isure- 
ment of the earth. 

Many of the laws of Geometry are demon- 
strated by formulae* that the ordinary recMier 

* It may be remarked, while treating of superficial measurement, 
that Ahams is a Latin word which means flat fn the primitive 
ages, all calculations weie made by the Oriental nations on boards 
covered with dustt on which lines and signs could- be easily 
traced. From the word ahak, signifying dust, the Greeks 
deduced their word dt^«|. This Abacus used by the Romans, and 
Abax by the Grreeks, was a large board with transverse lines 
drawn on it, on which calculations were made by sundry rnove^ 
ments of pebbles, or calculi. Hence, the derivation of our En- 
glish worn calculate, from calculo, which is from calculus, a pebble. 
The latter word is from the Syriac kalkai, gravel 
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would not comprehend ; they can, however, be 
made quite as intelligible by the manifest 
relations and deductions of common sense, 
without the exercise of which, all formulae 
become mere mechanical tirrangements ; being 
neither appreciated nor understood. Too 
many writers endeavor to teach Mensiiration 
by the introduction of Geometrical signs and 
reasonings; thereby endeavoring to teach a 
primary, by the rvles of a secondary science. 
Hence, the reason of so many failures in this 
study ; and hence, the mechanical patch- work 
by which many practical men make such 
calculations. 

Practical Geometry is divided into superficial 
and solid. Superficial^ which is from superficies ^ 
the surface^ the outside, 4^., relates to the meas- 
nrement of surface, which has extent merely, 
without hulk ; and has two sides given to find the 
contents : Solid Geometry relates to the measure- 
ment of bodies or magnitudes, which have 
length, breadth, and thickness. This species of 
measurement is generally called cubic, A cubic 
foot of timber, is a foot long, a foot unde, and 
a foot thick, or 12 inches in everyway: hence, 
when these 3 twelves are multipled continu- 
ously, they make 1728, the number of cubic 
inches in a cubic foot.* 

Cubic is from the Latin cubicus, from cuius, 
a die, - Hence, cubic is a congregation of par- 
ticles, forming a solid mass of six equal sides. 

According to the laws of Multiplication, 
concrete objects cannot be multiplied together ; 

* This solid foot, or 1728 cubic inches, weighs 1000 ouncig 
run water. 
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nor can concrete objects of diflferent denomi- 
nations be multiplied. Feet multiplied by 
feet, through ratio, will give feet; but feet 
multiplied by inches, will give neither feet nop 
inches. Ten feet long and 12 inches wide 
will give neither 120 feet nor 120 inches. 
Hence, when the dejiominations are dissimilar^ 
such redvjctions must be instituted as will make the 
terms alike. Above, if we divide the width 12^ 
by the number of inches in a foot, we find that 
the vddth is 1 foot; now, the length and width 
being in feet, we conclude that there are 10 
superficial feet. 

Ten feet in length and 10 in width give 100 
feet superflce: this multiplied by 10 feet in 
height, will give 1000 feet solidity. 

These similar dimensions, length, heigkth, and 
uridthy multiplied together , give the cubic or solid 
contents of the Jigure, in the denomination of the 
dimejisions .* as a crib, a box, a wall, a boat, a 
cistern, &c. 

Let the learner keep these truths before his 
mind, and but few difficulties will present 
themselves in ordinary measurements. When- 
ever mathematical rules are introduced, they 
must be received by the student on authority, 
as it would be impossible. In a treatise on 
numbers, to develop their principles. 

It may be remarked here, that too much 
time is generally spent on algebraic and 
mathematical solutions, while the learner pro- 
poses to study arithmetic. The introduction 
of such questions and rules, is an oversight in 
too many authors : for the student thus wastes 
his time in pursuing the work of mathematics^ 
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which is impossible in arithfnetic ; while it 
should be devoted to numbers only ; for noth^ 
ing else than numbers can be learned in 
arillimctic. 

WOOD AND BARK. 

Wood and Bark are generally measured by 
the cord, which is a pile 4 feet wide, 4 feet 
high, and 8 feet long. The word cord is 
derived from the Welsh cordy signifying a ttmst, 
relating to a rope: hence, the cordj or rape^ 
with which the ancients were accustomed to 
measure a pile of wood, gave 128 solid feet, 
which these dimensions, 4, 4 and 8 make, 
when multiplied. A pile of wood contains 
more or less than a cord, when it has more or 
less than 128 solid feet. Hence, wood is 
measured by_proportion. We may multiply 
together the dimensions of the pile, and com- 
pare the whole number of feet with 128; or 
we may compare the several separate dimen- 
sions with 4, 4, and 8. The latter is preferable. 

How m€my cords of wood in a pile 120 feet 
long, 20 feet wide, and 2 feet high? 



5 



2-^ 



H^\5 



Sip— 5 



|37^ cords. 



Here, we place the several 



dimensions of the pile, on the 
right, and the dimensions of 
a cord opposite these, on the 
left; and say, what will all 
these feet on the right make, if 8, 4, and 4, 
on the left, make 1 cord, last on the right. 
It is unnecessary to place the 1 on the right, 
as it will not assist in the calculation. 
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Mow jEaoD^ QOFcfe.iii itpUe 300 feet long, Sj^ 
ifeet wide, and Id ie^t high ? 



Here, we say 4 tLmee 4 ou 
the left, equal 16 on the right. 
The answer is eighty-seven 
and a half cords. 



2 



1 87^. cords. 



How many cords in a pile of bark 20 feet 
long, 3 feet 4 inches high, and lOi feet wide? 



8 



•^P — 6 
fi^-7 



32|176 



51 1 cds. 



In this instance, 4 inches 
are i of a foot, making the 
height 3 J or '/ feet. The 
numerator of this, as well as 
of the ^^*, is placed on the 
right, and the denominator 
opposite. The answer is 
5|.| cords. 

What will a load of wood 8 feet long, 2 feet 
6 inches high, and 3 feet 4 inches wide, come 
to, at 1 dollar and 80 cents per cord. 

Again, the inches are made 
the fractional part of a foot, 
and added to the given feet 
in each case ; while tlie mixed 
number is placed on the line 
in the form of an improper 
fraction. We know that the , 

8, 4, and 4, on the left, make ' -^ '^^''^' 

one cord, or that these 128 feet are worth the 
price, 180 cents ; then the price is placed last 
on the right in the place of the qne cord, and 
the answer must be the pri^e of the whole 
pile of wood at .180 cents per cord. This is 
uothtng more thao. simple iproportion . T wi<se 



4 
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4—$ 
4 
4 



lLfi—5 

3 

7 



64|105 



I 



14 1 



47 



411676 



3,93| 

2—jL3 

^jJ0 — 4 

4 



3 on the left, goes into 18 on the rightlthree 
times. The answer is 93} cents. This method 
is quite preferable to ascertaining the quantity, 
which may be fractional, and multiplying it by 
the price as a separate operation. 

How many cords in a pile 
of wood 10 feet long, 3 feet 
wide, and 7 feet high? and 
what will the same come to, 
at 240 cents per cord? 

There are 1 Ji cords wood. 

We will now state both in 
one, thus. The two was used 
in 4 on the left, and in 10 on 
the right. 

What will a pile of wood 
40 feet long, 3 feet high, and 
20 feet wide, come to, at 2 
dollars per cord? 

The price is dollars in this 
case, and the answer is in 

dollars; 37 dollars and 50 

•|37^ cents. 

Prom the foregoing, we conclude that, 
To ascertain the number of cords in a pile or 
load of vxx>d or hark, place all of the dimensions 
on the right in feet, and 4, 4, anxi 8, or 128, on 
the left. If there are inches in any of the dimen- 
sions, they must be reduced to the fraction of a 
foot, and added to the feet, and treated as other 
improper fractions. 

If the answer is desired in the price of the, 
whole quantity of toood, pUuce the price of one card 
last on the right, in dollars or cents, and the 



2|76 
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€msu>€r wiU be the price of the wfiole^ in dolhrs or 
cents. 

LUMBER BIEAS0RB. 

Under this head may be classed superficial 
board measure, and the measurement of solid 
timber. We have only two general dimensions 
in board measure; length and width. The 
thickness is generally considered a unit ; inch 
measure being the standard. Anything under 
one inch is not noticed ; but all above an inch 
in thickness, as two inches, three inches, &c;, 
is called two, three, &c., thicknesses of lumber. 
If apiece of lumber 20 feet long, 16 inches 
wide, and 8 inches thick, be measured, the 
thickness is called eight planks.^ 

The first thing to be done with such a ques- 
tion as the one above, is to reduce the width, 
which is in inches, to feet, that width and 
length in feet may be multiplied together for 
the superficial contents. This would after- 
wards be multiplied by the 8 thicknesses, giving 
8 times as many feet as in the one piece. All 
of this may be done in the same operation ; thus. 

It will be observed here, that .gQ 

|B 



|640 



1213^ ft. 



the length, width, and thickness 
are all placed on the right of 
the line, and 12 only, on the 
left, to reduce the width, 16 
inches, to feet. Hence, the an- 
swer is 213i feet. 

** In America the words board and piankf are variously 
used to denote the same thing. This is incorrect. While 
a board is a thin piece of timber, a plank is a thick ajid 
heavy piece. The word is from the Dutch piUmky or the 
Danish plarike, a thick board. Hence the difference. 
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15 



2 



Wiiii^ it is ,neee0sary to g^t the cubic cfm- 
tents, we place another 12 on the left, to reduce 
the thickness in indues to feet, that having all 
three dimensions in feet, the product may be 
feet. 

How many feet of lumber in a board 18 
feet long,7i inches wide, and li inches thick? 

Here, the mixed numbers are 
reduced to improper fractions, 
^.s in all other cases. JIo other 
statement is necessary in board 
.81136^ measure, than such as will ad- 
.16 J ft. mit of the several dimensions 
being multiplied together. Now 
the width being generally in inches, and the 
thickness often fractional, it is quite conve- 
nient to throw the numbers on the line, and 
the standard which reduces the inches to f(?et, 
with the denominators, on the left. 

/ 

2 



—3 



15 How many feet in a board 7i 

feet long, 8 inches wide, and 4i 
inches thick ? When the length 
l22Xft ^® ^ mixed number, as in this in- 
^ • stance, it must be reduced to an 
improper fraction, as in other cases. 

.What will a pile of planks containing 120 
pieces, 16 feet long, 15 inches wide, and 6 
inches thick, come to, at 37i cents per 100 ft. ? 

In this instance, we mul- 
tiply by 120, the number of 
pieces, and ascertain the 
number of feet in the whole 
pile: the question is then 
proportional, and by com- 
bination of statement, we 



4 



10 

i^— 3 

120 
76 



^{54,00 



MfiNSUBATION. 



£21 



say, what will all of these feet come to, on the 
right, if 100 feet opposite, cost 37 i, or Y cents ? 
The answer is 5400, the number of dollars and 
cents, which pay for the whole. 



Suppose in the case above the 
timber will lose /^ of an inch in 
sawing. We say, what will the 
whole quantity of lumber be re- 
duced to, if VI be reduced to V| ? 

8143,874 

What will 4 pieces of timber come to, at 
$2i per 100 ft. which are 10, 20, 18 and 12 feet 
long respectively, and 16 inches wide, and 3 
inches thick ? 





16 


12 


15 




6 




120 


16 


13 


100 




2 


75 



10 
20 
18 
12 

60 entire length. 






3 



9|6 



In this instance, it is necessary to add the 
several lengths, and place their sum on the 
right. Had there been 10, or any other num- 
ber of pieces in each pile, 10 or such number 
would be placed on Uie right, once, and only 
once : for the question, by getting the sum of 
the lengths, was changed into this, how many 
feet in a piece 60 feet long, 16 inches wide, 
and 3 inches thick ? Hence, ten times the 
number in each case, would be ten times the 
60 feet. 

What will 10 piles lumber, with 40 pieces 
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iti a pile, eome to, £^ $H |>er 100 feet, the 
plank being 18 iiioheci wide, d$ inches thick, 
and 30, 16, 17, 19, ^, 10^ 7, 12, 6, aikd 20 fbet 
long? The sum of tile lengtbi is 150 feet: 
hence, we place it on the right, thus. 



150 

^15 



813375 



$1 421| 



8 



g^^i^S 



m 



60 



Her^) 40 planks in a pile, is 
i^aced down once for the whole 
lot, considering that the lot is 
now 150 feet long. The aliswei: 
i» in dollars; because the {nice 
was dollars. 

What will 80 piedes of himber, 
8 feet long, 9 inches wide, and 
2i inches thick, eome to, at 00 
cents per hundred ? 

We deem the examples given, 
-.. sufficient for the measurement 

' * of lumber, as there is but very 

little difficulty in the statement. 
- How many cubic feet in a stick of timber 
30 feet long, 8 inches thick, and 10 inches wide ? 

In this example it is ne- 
cessary'' to divide both the 
width and the thickness by 
12, to f educe them to feet, 
that by multiplying all the di- 
mensions in feet, tibe product 
may be solid feet. Hence, 
To measure lumber^ Place ike length in, feei^ 
the width in inches^ and (he thickness ^ in inches^ 
on the right, and 12 on the left. 

To ascertain the number of feet in tlie whde 
pile, when of the same dimensions , place the number 






^0—6 



3|50 
|16f ft. 
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^pieces, likewise &n the right. If the answer i9 
desired in doHarSj or dollars and cents^ place 100 
on the left, and the price per hundred, on the right. 
To lose u fraction for Mw^cut, subtract the 
fraction lost from such a number of parts of the 
same size as would constitute a unit, place the 
remainder on the right, and the number making a 
unit, on the left. 

MASOITRY. 

Masonry, as a department of measurements, 
may properly be classed with cubic timber 
measure. Stone work is measured by the 
perch, which is generally 25 solid feet, or 16i 
feet long, l\ feet wide, and 1 foot high. A 
solid perch in masonry, is a mass 16^ feet in 
every way. The woid perch is derived from 
liie French perche, which signifies sharp, extend- 
ing, 4^., as a pole or rod for measurements. 
I Hence the name is drnved from the limits 

which define it. : 

How many perches of masonry in a wall 80 
feet long, 15 feet high, and 2i feet thick? 

Here, we make 25 solid . ^. 

feet a perch, saying, what ^ ^ 
Will all of the feet in the wall ^ 

make, if 25 opposite make 1 -,^^^ 

'perch. Hence 120 perches. ' ^^' 

We may easily ascertain the price for a 
piece of work at the same time that the quan- 
tity is obtained, by placing the j^oe per p^*ch 
last on the right. 
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J*A 



^ 



^00-^5 



ifif: 



15 



•|225,00 



?4 



3 

1,60 



«|63,28 



What ivill it cost to put np 
a wall 200 feet long, 6 feet 3 
inches high, and 8| ft. thick, 
at 120 cents per perch of 25 
feet? 

The price being in cents, 2 
figures are cut off at the right of the answer, 
for cents. 

How much will it cost to wall a cellar, at 
$1,60 cents per perch, 20 feet square, and 7^ 
feet deep, with a wall li feet thick? 

It is evident that the two 
end walls are each 3 feet 
shorter than those of the 
sides: hence,the entire length 
of the wall is 74 feet. We 
place this, witl^ the height 
and thickness, on the right, and the denomi- 
nators on the left. We use the factor 5 on the 
two sides of the line. Hence, 

To ascertain the number of perches in a piece 
of sUme work, plq/ce the lengdiy height, and widthy 
in feet, on the right, and 25, or whatsoever stand- 
ard is acknowledged^ on the left: the ansvoer will 
be solid perches. If the cost is desired, plaice the 
price per perch last on the right, and the answer 
will he the cost of the entire work, in dollars or 
cents. 

PLASTEEERS', LAYERS', AND BUUiDERS' WOEK. 

Plasterers and Pavers calculate their work 
by the square yard, or 9 square feet : Builders 
reckon by the square, which is 100 square 



PLASTSRSKS' AND PAVfiRS' WORK. 



225 



J* 



4 

110 



80 yards. 



18 



36 
80 

1116 



feet, in weather-boarding, ceiling, framing, 
shingling, &;c. 

How many square yards of plastering in a 
#oom 18 feet square, and 10 feet high. We 
place the side, 18, on the right, and 4, which 
will give all the sides. 

Having the dimensions in 
feet on the right, we place 9 
feet, which make a square 
yard, on the left : the answer 
is the sum of the four sides, 
80 yards. We now place 18 
on the right of another line 
twice, and ascertain the num- 
ber of yards overhead, by the 
same process, which is 36. 
The two added, make the 
number of yards in the room, 116. We might 
have ascertained the cost of the whole, quite 
as easily, by placing the price in each state- 
ment, last on the right. 

What will the plastering of A jroom come to, 
which is 15 by 20 feet, and 12 feet high, at 
32J cents per yard? 

The 4 sides make 70 feet 
around, which we place with 
liie height and pricey on the 
right. The cost of the sides is 
$21,00. Again, we place 15 
and 20 on the right, vdth the 
price, and 9 on the left. This 
makes the plastering over- 
head come to 7 dollars and 
50 cents, which, added to 
the sum above, makes the 



70 ■ 




21,00 
7,60 



«|28,60 






40 

4^- 



«|7,5Q 
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J>300— 26 



t 



76 



•|66,26 



cost of the room amount to 88 doUars and 
50 cents. 

How much will it cost to lay a 
pavement 300 feet long, and 4 
feet 6 inches wide, at d7| cmsts 
per square yard? 

This question is identical with 
^hose just wrought in plastering. Hence, 

To ascertain the number of yards cf plastering^ or 
pavingj place the whole length of the fjoaSSyOrpaoej 
with the width or height in feet, on the rights and 
9 on the left: if the answer is wished in moneys 
jlUwe the price per square yard^ last on the right: 
the answer will be the price of the whde. 

How many squares of weather-boarding on 
a building 50 by 40 feet, 21 feet high? What 
will the same come to, at $1,50 pe^r squsu*e? 

The whole iengdi of the build^ 
ing, or sum of the sides, is placed 
on the right, with the price, and 

$146 70 ^^^' *^® number of feet in a 

' ' ^ square, on the left. 
What does it cost to shingle a roof 80 fbet 
long, and 20 feet from the eaves to the cone, at 
87i cents per square? 

The roof is 80 by 40 fe^, whieli 
dimensions are placed on the 
right, witii the price. Thus, by 
proportion, what will all of &ese 
feet come to, on the right, if 100 
feet, opposite, cost 87i cents? The answer 

is $26. Hence, 

7b ascertain (he cost of weaUter^boarim^, skingiinfft 
Jraming,Jlooring, ^,,plact the Jmgth and vndth in fist, on 
the right ; IQO en the kft ; and the price per square, last on 
the right. 



m 



180 

21 

1,60 
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CftllS, BOZBS, AND BODIES. 

The Btaadard of measureinentfl of this Iqnd, !• gener-* 
ally inches; the Qumher of inches making a bushel, a 

A compact hushd^ms wheat, Mledcam^ $ak, ^., contains 
21501 cubic indkes, which mojf be expressed am used dec^ 
maUy, m the form of 2150^ 

A dry bushdf as potatoes, apples, coal, 4^., contains S688 
nMc vidtes. 

A wine galUm contains 23 1 : a beer gallon, 280 embic indies^ 

A solid foot contains 1728 cubic mches. 

If the length, width, and heiffht of a bodf , crih^ or box, 
sure placed oo the right of the Tine^ their product will be 
(he number of cubic isehes in such body, crib,^. The 
question then is, by proportion, what will all these inches 
on the right give, if 2150 opposite, give 1 bushel ; or, if 
2688 give one dry bushel; or, 231 give 1 wine gallon; or, 
if 282 give 1 oeer gallon, &c.! Hence, after these 
dimensions are placed on the right, it is only f^ecessary 
to place the number making ' a unit of the desired 
measure, on the left. If, in measuring coal, the hod^ is 
wider at the top than at the bottom, take the mean widths 
by measuring half way between the top and bottom. 

The 2150 inches used, make an even bushel; hence, 
when die com is in the ear, place 10 on the left : when 
in the hiiAf place 20 on the left, axid tbe aalHv^r will be 
in barrels. This allows 5 bushels of shelled carii, 10 of 
unshelled, and 20 in the ^ak, for a barrel. 

When it is aeoessary to ascertain the whole priee, the 
price per bushel, &c., may be placed last on tk» right. 

How many bushels corn m a crib 
160 inches long, 86 inches wide, and 
190 inches high ! 

The factor b is here used in tlie 

10, and 216. 1 |i»7^ b. 



^- 




How many hmAieis in s. crib 120 
inches long, 45 wide, and 80 high ! 

We frequently find it impracticable 
to cancel in these calculations. This, 
however, is of hut little moment. 
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«O0 
100 
^0 



«|100,00 
Jit ^-^3 



4 



^1/ 



00-15 



U—iU 



«|4,60 

00—2 

^^_6 



47 



11000 galls. 

A)40— 4 

40—2 

50 



What will a crib of com come 
to, at ^\\ cents per bushel, 200 
inches long, 100 wide, and 50 
deepi 

This combination of state- 
ment is quite simple and easy. 

What will a load of coal cost, 
at three and a half cents per 
bnshel, which measures 120 in. 
long, 48 inches wide, and 60 
inches high ? 

The price, 4 dollars and 60 
cents, pays for the whole load. 

How many gallons water in a 
tan vat, 70 inches long, 60 inches 
wide, and 55 inches deep ? 

The answer is 1000 gallons, in 
measure. 

How much will a vat of beer 
come to, at 50 cents per gallon, 
the vat being 120 inches long, 
40 inches deep, and 20 inches 
wide 1 

The answer is 170 dollars, 21 
I 170,211^ cents, and a fraction. 

To find the caiUents cf a crib, body, or box, in compaci 
hushels, plaee aU the dimensions on the right, in inches^ aitd 
on the left 2150, If the answer is wished in barrds, place 
b onthelzft for shelled com, 10 for com in the ear, and 20 
for com %n the husk. 

When the answer is desired in dry btishels, place 2688, 
instead of 2150, on the left. In ei^ier case, place the price, on 
the right, last, and the ansujer will be the price of the whole, 

Tb ascertain the nttmber of gallons, place the dimensions^ 
as above, on the right, and for wine gallons 231, or for beer 
gallons 282, on the Uft, The price per gallon may be placed 
last on the right ; the answer wUl be the price of the whole. 

When the contents of any crib, box, or body, and ttoo of 
the sides are given to ascertairf the other side, place the con^ 
tents and the standard of unity, or the number of indies which 
make a U7iit of the contents, on the right, and the two given 
dimensions on the left : the ansioer will be the required side* 
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A body is 120 inches long, and 36 inches wide; 
how h%h must it be to hold IhO bushels of coal? 



2— ^ ji0 a^^—^SA 



It is seen here, that the 
body must be 112 in. high; or 
9 ft. 4 in. Again, 112 inches. 

A crib is 215 inches long, and 100 inches wide ; 
how high must it be to hold 1500 bushels of com? 



Thus, the erib must be 150 in., 
equal to 12^ feet high. 






1500 



150 in. 



lONNAOE OV YBSaXLS. 

I 

In ascertaining tonnage, it is necessary to ascertain 
as nearly as practicable, the number of cubie feet of 
water displaced by the vessel. This is done by mul- 
tiplying together the length, width, and depth of the 
vessel, which gives the number of cubic feet con- 
tained in the hull. Now, it is a law of hydrostatics, 
that "if a body floats on a fluids it displaces as much 
of the fluid, as is equal to its own toeightr Nor 
does it make any difference what the shape of such 
body be ; a quantity of water equal to its own weight 
must be displaced. Hence, in ascertaining the weight 
that any hollow square will sustain in water, it is ne- 
cessary, first, to ascertain the weight of water such 
square would contain; making all due allowance for 
weight of vessel, room for safety, etc., etc. A cubic 
foot of water weighs 1000 ounces avoirdupois* or 
62^ lbs.; hence, 95, the number of cubic feet allowed 

* The cubic foot of distilled water welshs about 1000 oz. 
avoirdupois, or very nearly 62)^ lbs., at 40^ temperature; at 
60^, which is generally used, it weighs only 62,353 Ibs^., less 
than 1000 oz. The foot weighs 911.45$ oz. trov,or .5274 oz 
per cubic inch. The cubical foot equals 2200 cyUndriaU, 
o300 tphericalf or €600 conical inches. A cylindrical foot of 
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for 1 tan, <^ 2240 Um, of freigbi^, irill weigh $B87f lbs. 
avoirflup^is. This allows nearlj thrM tim^ 4ba 
'Weight of the freight in water, to the ton. 

There i^re two methods used in reckqning tonnt^e^ 
the carpentert', and the government rule. 

The following is the government rule for measuring 
ungU or dmbl^decM vessels: 

« (f I4i« yaotl Iw d#iblB-d«DiMd, Mk« U» Umgtk Ommm^ ttom the Am 
part of 1h« main stem, to tb« after part of the ttem pott, abore the apper 
deck; the hreadth thereof at the broadect part above the main wales, half 
of whiah breadth shall he ioeonntod the defith of Meh TAttel; aad then 
Redact from the leagdi tfaree*fifths of the br9•dtl^ m«Mplf the f»miapi#ff 
hj <!he breadth, and the product by the depth, and divide thit product by 



water weighs 49.1 lbs., awirdupois; a cylindrical inch, .02643, 
and a cubic inch, .03617 lbs., avoirdupoit, 

Beawater weiffas 1.03 times dtttflled water, which is the 
standard of weight: hence, 1 cnbic foot ei seawater weighs 
1030 oz., aimrdupm^ 

Nineteen cable indies distilled water, temperature 5(P 
Fahr., weigh 10 oz. troy, according to act of parliament, 1835. 

It may be observed here, that the et^ndari of Kquid measnre 
in the United States, is the toin^ gaUon^ containing 831 inehes, 
aqnat to 8.339 lbs fvoirdnpois^ or 583T8.1754 grains distiUed 
water. ' 

The English hnperidl standard e&Wion is 10 lbs., avoirdupois, 
distilied water, at 8^ Fahr., and ^ inches barometer: and is 
abdBt eqaal to 277.374 inches. It is about equal to mm 
and ene-fifth, or 1.9 gall., wine measure of the U. States. 

In Great Britain, the imperial bushel weighs 80 lbs., ayoirdu- 
pois, distiUed water, at 62^ Fahr., and 30 in. of the barometer. 
it is a vertical cylinder, 18,789 inches in diameter, and 8 inches 
deep; and contains 2218.198 onbie indus. This ebindard im 
adopted in New Yprfc. 

Thfi UnUed States standard cf dry measure is the Winches- 
ter bushel, containing 77.627413 Ibs^ avoirdupois, distilled 
water, maximum density, and weighed in air at 30 in. barom- 
eter. It contains 2150.42 cubijc inches nearly, altiiough 
2150.2 is more used. 

In Connecticut, 2198 cubic inches make a bushel. The 
meaaare used, varies in the diflbrent states: hence, Ihe pro- 
priety of knowing the standard of the state in which the cal- 
culation is made. It should be the same in all of the states, 
as is our cuerency. 



VONffAGtt or VSSGttUI* 



^l 



of rach ship or ▼•■Ma: Md if vlNih ihip Of TMiel be tin jle-d#cked, tak# 
tfa« length and broadth, as abova diroctod, dodnct from the said length 
three-fifthi of the breadth, and take the depth fioni the under M4e ef «*» 
deck plank, to the ceiling of the hold; then multiply and dividf m afore- 
MiA, And the ip^lUtA shall he deamad the tpnnage.** 

The foregoing rvle may be used to get the dimen- 
sions ; after this, the dimensions may be placed on the 
right of the line, to find the entire nimlwr of feet in 
tto Iboat, and 95 oh IIm left. Tii« propoftiMi wffl be, 
as 95 to tM tontinued ffoduct of tkae dtmnsimh ^ 
will 1 ton, which the 96 feet equals, be to ttm i»ho» 
wuinber of Ums in the vessel. 

What is the government tonJiage of a sbgle-dwlttd 
ressel, 115 ft. keel, 25 ft. beam, and 10 ft. hdd?* 

Her€u J of the width, which is 25 feet, equals 15 
feet, to be gnbtracted from the length. Tbi« leaves 
the length 100 feet. The dimensions ar« pUced on 
the rigbt, and 95 on the left ; thus, 



la this instance, the answer is 
26$tV ^^^' ^° carpentws' mw*- 
Bnre» the J ©f the width would not be 
taken off, but would be calculated, 
tbito, 



19—^^ 



100 
10 



5000 



m iiWWiP 



Here, the answer is 892*^1 ions. 



19— W 



268tV 
115 

10 



5750 



302|f 

How many tons in a doubk-decked vewel, 268 ft. 
kfig, 89ft, wide, and 15ft. de^? 

Sere f of the width, 18ft„ m subtracted from the 

•The *Ml of a vessel is the ^J^fJ^ST^^^SMi^^^ 
•atest width Aim side, to •«• af the hall; w4 the Aftf» to* aepwi w 
e main deck to the bottom of the h»U. 
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lengtli, leaving 250 ft. long. The depth being ^ of 
the width, is 15 ft.: we state accordingly, 



19—0^ 



250 
30 



22500 



From this calenlation, the ton* 
nage is 1184-1^. 



1184tV 

What is the tonnage, according to carpenters' mea- 
sore, of a steamboat, 300 ft. kee^ 10 ft. nold, an4 38 
ft. beam? 

We here place all of the dimensions on the right^ 
and dmde by 95; thus, 



4^H*^ 



Tons, 



300 

^?f— 2 
if*— 2 



1200 



The factor, 5, is contained in 10 
twice, and in 95, nineteen times : 19 
into 38, twice, and 2x2x300== 
1200 tons, the answer. Hence, 



TO ASCERTAIN TONNAGE. 

AMeertainfirBt the dmeMtanB of (he vessel, according to ^w- 
mmment, or carpenters* rule: place the dimensions on the right 
of lAe line, and 95 on the l^: the ansteer vnU be the number of 
tons. 

To ascertain any given dimension, when tun of tJte dnnsn^, 
sions and the tonnage are given, place the tonnage and 95 on the 
right, and the two given dimensions in feet, on the l^: the an- 
swer will be the required dimension in feet. 



SUPERFICIAL GEOMETRY. 

TARIBTT 07 HOUKES, DETINITIONS, ETC., ETa. 

A line is the shortest possible distance between two 
points. A line is supposed to be straight; when 
curved, the word, curved, is mentioned. 

Two straight lines are parallel, when equally 'dis- 
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tant at a& parts ; and when they canaot eoine togeth- 
er, however far extended or produced.* 

The point of intersection between two lines, is 
called an angle, If 

An angle of 90 degrees, or ^ of the circumference 
of a circle, is called a right angle : an angle of less 
than 90 degrees, is called an acute, or sharp angle. 

An angle of more than 90 degrees, is called an o6- 
iiise, or bloont angle. 

A figure with four equal ^angles, and four equal 
sides, is called a square,t 

A figure with four equal angles, and unequal sides, 
is called a rectangle,\\ 

A figure with four parallel unequal sides, and two 
acute, and two obtuse angles, is called a parallelo- 
,gram,^ or rhomboid** 

A figure with four equal sides, and two obtuse and 
two acute angles, is called a rhomboid; sometimes, a 
lozeng e.ff 



*The ward produced, in this instance, bears its literal signi- 
fication) lead out, from the Latin, pro and dueo. 

t Angle is a French word, which is from the Latin, angu- 
luB, a comer. 

X Square is derived from the French, quarre\ which is ori- 
ginally from the Latin, quatuor,four. 

11 Rectangle is from the Latin, rectus, right, and angulus, an 
angle. 

^.Parallelogram is derived from the Greek, TretpaXKtiKoc, or 
paraUdoSt opposite the one to the other, and yf^fji/jicty or gram' 
ma, a character or figure. 

•* Rhomboid is from the Greek, /)e^/8o?, or rombos, a rhomb, 
and iftToft or eidos, form. Rhomb is from the Latin rhombus, 
a u>hirl, or constantly varying square : in fabulous history, a 
varying or rolling instrument by which witches were said to 
bring down the moon from heaven. 

ff Lozenge is from the Gr. \o^oc or loxos, oblique, and ^«iM 
or gonia, a corner 



3M lunniT't nottoviED AMJuem^. 

A %im wiA fmir fmiK|iial aiglts, Aiid two puiM 

sidei, 18 called a trapezoid.* > 

A figure h&Tiiig tbree or more equml udeii is «dled 
%folygon.\ 

The lowest polygon* that of tbree sides, is called a 
triangle ;t that of fomr sides, a quadrUaUral; of five 
sides, a pentagon; of six sideB> a hexagon; of seven 
ndes, a heptagon; of eight ddes, an octagon; of 
mine, a ikinagont of tea, a docagon; of eltvittfty an 
undecagon ; and of twelve, a dod$cagom>, 

Thef« aie Ibtur prkdpal triaa^z the ofuHatoral, 
the isosceles, the scaline, and the rectangk triangle. 

A triangle which has three sides is called e^tUate' 
rd ;|| one which has two of its sides eqnal, n called 
isosceles .*§ one which has three nneqnal sides, & called 
9ealin§:^ and that which has s^ri^angk, m ealled a 
fighie/ngUi, or ftctmgU triangle. 

The longer arm of the right -an^ed trianj^ is called 
the &Me,from the Lat. hatis^ the hottsm or fomdaiian: 
the shorter arm is oaDed the Me ; and the side opposite 
the right angle, the hypotenuses from the participle of 



• TnqpMtoid ifl frdm the 6r^ tyMrt>r, or tn^anni, a MiaS 
taife, and w^t;, or cidof, jWm. 

f Polygon is from the Grr. ^okoct manff, and ymuif an an^ 

i Triangle is fyom the Lat. trianffuhtm, from fres, i&ree, and 
itngviuMt a eofli«r: hence, a 6gure with three angles. 

Quadrilateral is from the Lat. 9uaiuor,four, and UUvBSt mde; 
haying four sides : pentagon, from the Gr. 5nm, or penU, 
fiWy and yetfiA^ or gojUa, a corner, Hexegon, heptagon, octo- 
gon, nonagon, decagon* nndeeagon^ and dodecagon are com- 
ponnded by prefixing to the ymuA^ or gonia, nf , or ex, six; fsrut^ 
or epta^ seven*, mtv, or oJ^, eight; Lat. nonut, nine; /km, or 
deca, ten; Lat. undeem, deten; M^za, or doiIei», IimIw, etc 

Equilateral is derived from the Lat «quu$, efiMi,and fate- 
f<l7ttf, from Zstus, a side: equal sided. 

4 Isosceles is derived from the Gr. ttrof or ifos, e^ual, and 
ciuKot or slbdkw, a Ze^; hence it has two equal legs. 

f Scdine is from the Gr. auojinc, or siaknaSp tkU toOen or 
hangs oter to one side, oliUiudy. 



the GrMk teib ««vr«(»M'«^ or ijMMllMtiMr, eMniing 
mmier, otfrom camit to coriUr, 

Any of the sideB of an equilateral and soaline tri- 
aaigle may be called tbe base^ Tbe bate of an ifloe- 
eeke triangle it ^e abort aide. 

The upper |Mnnt irh«re the tw0 eld^s of ttH isoace- 
Ie% or other triADfle« meet^ is called the vertex of the 
triangle} by some, the €ipe»^* 

TIm tiieoty of detertttmiag «iglM, iud the kngtha 
of the rides of triangleiH eoftsi£»les the Science of 
THgoMtnekryf and cannot be properij^irested in arith- 
metie. We have before seen that» 

To find IKb amUnU tf a tguare or reeUmfflef me^i^ Af 

A paralieliigram is equal in contents to a square or 
rectangle, when its base and yerticalt hight are equal 
to the base and side of such square or rectangle 

A rhomboid or loasenge is equal to a square of the 
same base and altitude, fience, 

To find ike eontentt of a parmOdogt^em, Of WlomMI, mdH- 
Phfjfi^ ^M9e by ihe vertiad IdghL 

To find the contento of u trepezM^ mMfh/ hd^ ikt tami of 
ike two paraUd tideo, hy tke vertical aittanee oetween Ikem. 

How many yards of plastering in a waU 30 feet 

square? 
^ I ^^0 

We divide by 9 feet, which make 1 square ^0 

3^d. 



100 



_^„^^^,^j,^_g^^j^ 



*ThOM t#o wordfl are fireqaeiitly uoed ojmonymonsly. 
Some apply apex to triangles, and T«rtex toeones, bscauie of 
the primary signification of vortex, from tlie Lat. vertex, a 
point, which IB from terto, to tutn. The plnnl of vertex, ie 
tertiees; and of apev, apioeo* 

fThe vertical hight of any qnadrilateial or foar-dded 
figure, is a line dropped from the upper pli^e or vertiox, per- 
pendicular to the base. Hence, the eide of a parallelogram 
must not be maltiplied into the base for the contsnt^, as thift 
Is too lotig, but the side arising from a line dropped at rigfal 
anises with the base. 
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How many aeres are there in the roftd from CHneiii:^ 
nati to Dayton, which is 64 miles long, and 4 rods 
wide? 

I Here, we ask how many rods 64 

miles will make, if 1 mUe make 8 

furlongs, and 1 furlong make 40 

rods; then, multiplying by 4 rods in 

width, we say, how many acres will 

all these rods make, if 160 rods 

make 1 acre ? Ans. 512 aores. 

The irst qraestion relates to a square, or equal 

rhomboid; the second, to a rectangle, or equal parol* 

^o9!tai. 

The two parallel sides of a trapezoid are 40 and 66 
rods, and the distanee between them 80 rods : how 
man^ acres are there ? 



Ans. 



512 A. 



i^m 



Ans» 



^0—25 

?0 



25 acres. 



The answer is 25 acres. 



V TBIANGLBS. 

Every triangle is half of a square, rectangle, paral- 
lelogram, or rhomboid of similar base and altitude. 
To prove this, let us, on the hypotenuse, or longest 
side, of any given triangle, erect another triangle, with 
the vside and base parallel and equal, each, to the side 
and base of the triangle. The figure formed will be 
a square, rectangle, parallelogram, or rhomboid, which 
proves the position correct. Hence, 

To find the contents of any triangle, muUiply half 
of the base by the whoU vertical highly or the whole 
base by half of the vertical kight, as may be most 
convenient. 

How many acres of land in a rectangle triangle, of 
240 rods base, and 120 rods side ? 
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90 A. 



Here, we place down the whole 
baee and side, and divide by 2, 
which is both easy and simple; 
while, likewise, we have the advan- 
tage of dividing by such denominate numbers as are 
necessary to reduce to a given denomination. 

How many square feet in an isosceles triangle, 
of 16} ft. base, and 37^ ft. vertical hight? 



Here, 2 is thrown on the left ; and we 
divide by the denominators, 3 and 2. 
Hence, the answer, 312^ square feet. 



i 

2 
2 



50—6 



626 



3121 

If a line dropped from the vertex of a scaline tri- 
angle, fall outside of the triangle, the lioe of the base 
must be produced until it meets the vertical line. 

The square*^ of the h^fpoienuse of a right-angled 
triangle, is equal to the sum of the squares of the 
base and side. 

For example ; the base of a right-angled triangle is 
8, the side 6, and the hypotenuse 10. Now, 8x8= 
64; and 6x6=36; and 36+64=100; hence, the 
hypotenuse is 10x10=100, which is the sum of the 
squares of the base and side. A rectangle, whose 
sides are 4, 3, and, 6, shows the same equality; thus, 
4x4=16; 3x3=9; and 16+9=26: now, 5x6 
=25, which proves again that the sum of the squares 
of the two sides equals the square of the hypotenuse. 

From the foregoing, it follows, that 

To find the hypotenuse of a right-angled triangle f 

*T1m tqcttre of any namber, is that anmber multiplied into it««lf ; 49 li 
the square of 7- Wbeu it is desired to square anomber, 8 is written orer 
it, thns, 73 

16 
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txtratl the square roet x>f the sum of ike SfiMfH of 
the base and side.* 

To firut the base, when the hypotenuse ahd side are 
given, subtract the square of the side from the square 
of the hypotenuse ; extract the square root of the re- 
mainder, and the answer will be the base. 

To find the side, when the hypotenuse and base are 
given, subtract the square of the base from the equare 
of the hypotenuse ; extract the square root of the rC' 
mainder, and the answer will be the required side. 

The hypotenuse of a right-angled triangle is 10 ft., 
and the side 6 ft.; what is the base ? 

The square of the hypotenuse is 10x10=100; 
and of the side 6x6=36: now, 100—36=64, and 
the square root of 64, is 8, which is the required base. 

FOLTeOKS. 

If lines be drawn from the angles of the polygon, 
to the center, it is manifest that the polygon will be 
divided into isosceles triangles ; and if the contents 
of one of these be multiplied by the whole number of 
angles thus made, the answer will be the contents of 
the polygon. Hence, 

To find the contents of a regular polygon, multiply 
half of the diameter of the polygon, vertical to one 
of the sides, by half of one of the sides; and the 
product by the number of sides. 

Or, Place the shortest semi-diameler*, and one oj 
the sides, on the right of the line, and 2 on the left. 

*Garpent«n fteqvently use this method of finding tfio l«tig:th of brftces, 
whore the distsaoe from the angle, or lower end of the post, to the extreme 
And of the mottiee, ig civen. 

When tlie bate and side of a rectangle triangle tre of the taifle length, 
the hypotenuse may be foand by mnltiplying the base or side by 1.4l4S. 
This nomberis the sqvare root of twice 3.141508, whioh it the ratio of the 
oinnmftrenoe to the circle. 

t Semi-diameter means half-diameter^ from the Latin temi^ Mf. Rth 
is used to denote the tame thing in circles. 
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TEE CIROLB.* 

Squares are always used as the units of superficial 
measurement, by reason of their sides and angles co- 
inciding, and leaving iio intervening space betvreexi 
their limits. The unit assumed is generally a square 
inch, a B({M2LTe/ooty a square yard, a square fniUy ete. 

A circle is a plain figure, bounded by a line called 
the circu7nference,f whieh is, at ail parts, equally dis- 
tant from a point within, called the centre; henoe, 

The circumference of a circle is a line drawn at aH 
p^rts equaUy distant from the centre. 

The diameter X of a circle is a straight line drawn 
from the opposite sided of the circumference, through 
the centre, dividing the circle into two equal parts. 

The periphery \\ of a circle is its circumference; the 
two Words being used synonymously, at pleasure. 

The radius^ of a circle is a line drawn from the 

* Circle is derived from the L&tin eireua, a round ring, or 
limU; or from tiie Gr. tujiKOf or kirkos, a fakon^ tliat, in fiyinf , 
deocfiibee circles ; or from the Arabic kara, to go rouna. 
Many individualft confound circle With circuirrference; where- 
as, while the latter merely describes the limits, the former is 
the space included in such limits. 

t Circumference is from the Lat. circum, around, and ^eren- 
Iti, from feiro, to bear. 

Centre is a French word, from a Gr. noun, signifying a 
goad or pointt which is from the root xim or kenteo, to pnck. 

t Diameter is from the Gr. cT/x or dia, throv^, or ikroi^h the 
widdle^ and ^ir^ir or metron, to measure. 

I) Periphery is from m^/ or peri, around, about, and ptpu or 
1^0, to bear: hence, it is identical with the circumference. 
The word perimeter is sometimes used in the same sense, but 
improperly. It relates particularly to the measurement or ex- 
tent of circumference's, from peri and metron, to measure 
around. 

§ Radius is a Lat. word, from radio, to shoot beams of light, 
etc. The use of this term in geometry, originates from the 
fact, that when a large number of radii are drawn in a circle, 
the circle resembles the sun darting his rays in every direc- 
tion from the center. 
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center to tbe oircomference, or half the diameter ; two 
or more of these lines are called radii. 

The perimeter^ of a circle, or other figure, is the ex- 
tent of its circumference or bounds. 

The areaf of a circle,*or other figure, is the surface 
or space contained within the limits of the circumfe- 
rence or perimeter. 

A circle is said to be inscribed | in a polygon, when 
the line of the circumference, cuts the sides of the 
polygon. 

A polygon is inscribed in a circle, when its angles 
coincide with the circumference. 

A polygon is circumscribed|| about a circle, when 
its sides coincide with the circiunference. 

A semicircle^ is a half circle, described by cutting 
the circumference of a circle by a right line drawn 
through its diameter. 

An ellipse** is an oblong, circular figure, having 
two axes ; the minor, a transverse, and the major, a 
longitudinal line, each drawn through the center, and 
on either of which, the figure may be supposed to 
revolve. 

* Perimeter is from the Gr. ^n^ or peri, around, about, par- 
ticularly around the space described from a center, and /uitrpof 
or metron, to measvre. 

fArea is a Latin word, which means space within given 
bounds. Dr. Webster thinks it is from the Chaldee word 
ariffa, a bed; or from a Hebrew word which sigrnifies to 
stretch or spread The plural of area is aretB; this is, however, 
seldom used; being substituted by the anglicised word, areas. 

X Inscribe is from the Latin inscribo,Mi write untidn. 

II Circumscribe is from drcum, around, and seriho, to write 
or draw. 

IT Semicircle is from the Lat. ssmi, Ao^and circtdus, a cirde. 

** Ellipse is from the Gr. root tKKwrat or ^Ueipo, to pass by 
or r^eet. 
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The cironmference of a circle is divided* into 360' 
equftl parts, called degrees; each of these degrees, into 
60 parts, called minutes ;t and each of these minutes - 
into 60 parts, called seconds. The degree is marked,, 
thus ( ° ) ; the minute, thus (' ) ; the second, thus 
( " ). Sometimes 80 degrees are said to make 1 sign, 
marked (5); and 12 signs, 1 circle, marked (c). 

QITAl)BATnBE OF TH2 CIBCLB. 

The circle, from the varied nature of its uses and 
application, is one of the most interesting, and yet 
perplexing, figures in geometry. The comparison of 
circles and squares ; the difficulty of determining the 
ratio of the circumference to the diameter ; the pro- 
blem of ascertaining the precise area; and the diffi- 
culty of a conthiued application of its principles to 
the measurement of solid bodies, in the form of 
spheres, cones, etc., have, in ^U ages, rendered its 
study peculiarly interesting to mathematicians. 

We shall consider, first, the relation of circumfe- 
rence and diameter; next, the area; and after this, 
apply these principles to a great variety of practical 
measurements. 

The difficult and impossible problem of the quad- 
rature^ of the circle, is the determination of the area 
of a circle, whose diameter is equal to that of a given 
square, or of a circle inscribed in a square. " The in- 
vestigation of this problem commenced with Archime- 
des, a Grecian. The first step to be taken, was evi- 

* The diTision of the circle into 360 parts, originated from 
the division of the year by the ancients, into 360 days. The 
13 fliffns represent the 12 months. 

f Minute is derived from the Lat. ndnxAtan, a small part: 
second, from secundus, the second, or second order of minutes. 

t Quadrature is from the Lat. quadratura, tquaring, from 
quatuor,four; reducing the circle to a similar area of four 
equal sides. 
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4eBily to asoertfdn the ratio ef the circ%mfer$ikce to 
th$ diameter. And here, the inyeafeigaiioa loust. b# 
eammeQced, by every geometer. It is impossible to 
give the prooesa »Qd reasoning used to ascertain 
this, in a treatise on arithmetic ; we wiU» howeyer, in-* 
dicate the proeess, and ayail the benefits, without furt 
ther investigation. Neither the exact ratio of the 
circumference to the diameter, nor the exact area of a 
circle, can ever be ascertained ; and both have long 
since been abandoned, as impossible, by all good math- 
ematicians. 

The method used, is to inscribe and circumscribe 
the circle with regular polygons ; then, to increase the 
number of the sides of both of these, to such an ex- 
tent, that they seem to merge into a common Ene ; 
and although the sides can never entirely coincide, yet 
they so far coincide, as to give almost entire accuracy, 
to all practical operations. The reason why the;y can- 
not coincide is, that a curved and a straight line can 
never become one line, however small the degree of 
curvature. The line of the circle is always found 
between these two polygons ; and when the sides are 
increased to a very large number, the human eye, as- 
sisted by the microscope, is unable to see more than 
one line in the three. Arehimides carried the number 
of sides to 32768, and thus secured the ratio to seven 
decimal places. He obtained the ratio 8|J and 3if, 
which, reduced to an improper fraction, gave y, or 
the circumference to the circle, as 22 to 7. These 
numbers may be used for all ordinary and rough pur- 
poses ; but are far from being accurate, when com- 
pared with the ratio afterward obtained by Metius, a 
German, who carried it to 17 places of decimals, giv- 
ing the ratio of 355 to 113. Van Ceulen, a Dutch 
mathematician, carried it yet much further, and ascer- 
tained that if the circle was 1, the circumference 
would be greater than 3.141 59265858579323S462()4- 
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338327950288, and lees than 3.14159265858579823- 
84^264338327950289, demonstrating the coincide^C0 
of the two polygons to a inaction leas than orie nonih 
lionth ; a difference too small to be adequately concei-< 
Ted. Th<e upper number represents the inscribed, and 
the lower, the circumscribed polygon, between which we 
may vainly seek the line of the circle. Later math-f' 
ematicians have carried the calculation as far as 140 
places of decimals. 

The reUtion of th^ circumference, may^ from the 
above, be safely set down as 3.141592. This gives 
the exact ratio to 5 places of decimals, leaving a frac- 
tion as small as 1^77777 • ^^^ ^ practical purposes, 
3.1416 may be used, changing the 5th decimal, 9, into 
6, in the 4th order. 

What is the circumference of » circle, whose diam- 
eter is 31 feet ? 

3.1416x31=97.3896 Am. 

Here, we multiplv by the decimals, and consequent- 
ly cast off four decimals in the result. Hence, 

To find the circumference of a circle^ xchen the di- 
ameter is given, multiply the diameter i^^ 3.1416, and 
cut off four places of decimals in the anstoer: or, for 
entire accuracy, multiply by 3.1415926, and cut off 
seven j^aeesfor decimals at the right. 

It is desired to place 40 sentinels around a camp^ 
which is 1 mile m diameter; how far will th^ be 
apart? 



3.1416 



We reduce the mile to yards, and 
get the answer in yards ; they will be 
plao^ over 138 yards apart. ^o^ 0304 

7b find the diameter of a circle, when the circum^ 
ference is given^ divide the circumference by 3.1416. 

Or, multiply the circumference by 7, and divide 
by 22, 

Or, multiply the circumference by .3183L 
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The circumference of a circle is 1 multiplied by 
8.1416 ; hence, the diameter is 1 diyided by 3.1416, 
equal to .31831, which multiplied into the eircumfe- 
rence gives the diameter. 

The circumference of a lot is 500 yards, and it is 
desired to plant 10 trees on the Hne of its diameter; 
how far apart will they be ? 



40 



600 
.31831 



15.91550 



The trees will be placed nearly 16 
feet apart. 



It will be found far more convenient to multiply bj 
this, than to divide by the other decimal. 



THE ABEA OF THE CIBOLE. 

In treating of polygons, it has been shown, that to 
ascertain the area, multiply the half radius by the ew 
tire perimeter. It has since been shown, that the cir- 
cumference or perimeter of a circle* includes a vast 
number of polygons. Hence, 

To find the area of a circle^ when the circumference, 
and diameter are given, multiply the cireumferenee 
by half the radius : 

Or, Place the circumference and diameter on ihet 
right of the line, and 4 on the left, 

A circle is 10 feet in diameter, and 81.416 ft. in 
eurcumference ; what iis the area ? 

One fourth of the diameter, equal to the semi- 
radius, is 2J feet, and 31.416x2^=78.540; thus, 



;af .^^0—15708 
5 

78.540 



The answer is 78.54 feet. 
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Let US suppose a square with a circle of equal diam- 
eter inscribed : the diameter of the circle is equal to 
the diameter of the square : ^ of the perimeter of ar 
square or circle is the side of such square or circle, 
which multiplied into itself will produce the area de- 
noted by the perimeter. The square of the diameter 
indicates the area of the square ; and 3.1416, the area^ 
of the circle : now» as i the perimeter of the square 
is equal to the side of the square, so ^ the perimeter 
of the circle, .7854, is equal to the side of the circle. 
Hence, if the square of the diameter be multiplied bj 
^ of the circumference of the circle, or .7854, the re- 
sult will be the contents of the circle. For this rea- 
son, geometers take the ^ of 3. 141592=. 7854, and 
multiply it into the square of the diameter, when the 
circumference is given. Hence, the circle is .7854 of 
a circumscribed square. That is, if the square is 1, 
the circle is .7854; or, if the square contains 10,000 
parts, the circle contains 7,854 parts. Hence, 

To find the area of a circle^ when the diameter 
only is given, Multiply the squared of the diameter 
by .7854, and cut off four places in the answer for ded" 
mals. Tor greater accwracy, multiply by .785398, 
and cut off. six places : 

Or, Place the diameter and 11 on the rights a^id 
14 on the left of the line. 

What is the area of a circle whose diameter is 18 
inches ? 

Here, 18 Xl8X. 7854=254.4696. The answer is 
254^^ inches, nearly. 

How many acres in a circular field 40 rods in di- 
ameter? 

*The sgtuare of ike diameter, is the diameter multiplied into 
itself. 
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^*m 



Ans. 



.7854 



7.8540 



The field contains nearly 8 acres. We 
divide by 160, because this number of 
square rods equals an acre. 



What is the artia of a circle ^ of an inch in di« 
ftineter? 



2 
2 



1 
1 

.7854 



The answer is very nearly ^ of ft 
square inch. 



.19685 



Tbe cylinder of a steam engine is 15 inches in' di- 
ameter; what is the area in inches and in feet? 



15xl5x.7854=176 
.715 inches. 



4—^41^^—5 



2—^4* 



8 



An9. 



J^5(^^3927 



98175 



1.22718-f in ft. 

How many acres of land in a tract 4000 rods in di" 
ameter? 



^000 
4^0^000 

1.7854 



78540.0000 



Here, 160 rods opposite, instead 
of making 1 acre, as would be the 
case in a square tract, make in the 
circular tract only .7854 of an acre; 
in stating, we say, bow many acres 
will 4000x4000 rods make, if 160 rods, make .7854 
of an acre? The answer is 78,540 acres. We may 
ask, 

What will the above land cost at 62^ cents per 
acre? 

We may make this among the other statements, in- 
stead of separately ; thus, 



THS ELUPSE. 



947 



In this instance, 1 acre is 
placed opposite .7854 of an 
acre, ana the price which the 1 
acre equals last on the right. 






^000 
^000 

.;^?r^^t— 3927 

126 



49087.500000 



£[ow many inches in a yalve 11} in diameter? 



Although very few %nres 
can be canceled in this qnes- 
tion, yet there is a decided ad- 
vantage in locating the frac- 
tions on the vertical line. 



8 
4— Jf 



Am^ 



95 
95 
/5(^4-^927 



110.7536+ 



To ascertain the area of a circle^ when the circumr 
f^rence only is given^ multiply the square of the ctr- 
eumference by the square of 7, and the product by 
.7854 ; and divide by the square of 22. 

What is the area of a circle 33 ft. in circumference. 

This is an easy and simple method 
of arriving at the result, by one 
statement. The answer is 86|- feet. 
See Table of Circles and Areas, 





33 
83 


22 


7 


22 


7 




.7864 


Ans. 


86.59085 



TO FINB THE CIEGUMTBBBNCB OV AN ELLIPSE. 

Multiply the square root of half of the sum of ih$ 
pfio axes squared^ by 3.1416; the product wiU bo the 
circumference. 

The axes are the longest diameters from side to side, 
and from end to end. 



TO und the aesa ov an ellipse. 

Multiply ihf^ product of the two diameters by 
.7854. 



248 RAtNEY'S IMPROVED ABACUS. 

TO FIND THE CONTENTS OV A SQUARE INSCRIBED IN A 

CIRCLE. 

We shall endeawr to prove that such a square is 
one half of another square eircamsciibed about a cir- 
cle; thus, 

Let us draw a square of a given side, and inscribe 
in it a circle; then, in the middle of the sides of 
the square, where the circumference of the circle cuts 
the square, let us locate the four angles of a square 
inscribed in the circle. Thus, each side of this in* 
scribed square will be the hypotenuse of a right-angled 
and equal-sided triangle. Now, from the opposite an- 
gles of the inscribed square, draw two diagonals. It 
will now be perceived, that the inscribed square con- 
tains four equal triangles, and the circumscribed 
square, eight : hence, the inscribed square is equal to 
half of the circumscribed square. 

It is manifest, that if we square the semiradius of 
this circle, it will equal two of these triangles; hence, 
twice the semiradius, will equal four of them, which 
are equal to the inscribed square, or half of the cir- 
cumscribed square. 

What is the area of a square inscribed in a circle, 
10 feet in diameter ? 



10 Here, we place the square of the diam- 

t ^0 — 5 eter on the right, and 2 on the left. This 
~ 50 ft ^^ identical with the other operation, in which 
the semiradius would be used ; thus, semi- 
radius, 5; this squared and multiplied by 2, thus, 
6X^X2=50 feet, the answer, as before. Thus, by 
the second operation, we find it troublesome to find 
the semiradius, then square it, and afterward multiply 
it ; while the other process is quite simple and easy. 

How many cubic feet in a- log 3 feet in- diameter, 
and 40 ft. long? 
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Here, the perimeter is simply multi- 
plied by the length and divided by 2, 
because the inscribed 10 one half of the 
circumscribed square. We ask again, 



^ 



3 

3 

^0—2 



180 feet. 



What will the same come to at 020 per 100 ft.? 



Here, the statements are combined, and 
the answer is obtained in dollars. 



m 



3 
3 

^0 



36 

How much will a log cost, at 33^ cents per foot^ 
which is 18 inches in diameter, and 80ft. long? 



0-/i^ 






% 



4f— 3 



100 



30.00 



In this instance, two twelves are 
placed en the left, because the two di- 
mensions on the right are* inches, and 
must be reduced to feet. The 2 is 
placed on the left as usual ; while 33-}-, 
the price of 1 foot, is placed on the 
right; hence, 

To find the contents of a square inscribed in a cir- 
cle, place the square of the diameter on the right, and 
2 on the left. 

To ascertain the solid contents, place the length on 
the right likewise. 

To find the price of the whole, place the price last 
on the rightf and the quantity which it equals, on the 
left. 



TO FIND THE SIDE OX* A SQUARE INSCRIBED IN A 

CIRCLE. 

By reverting to the figure just used, we find that 
the side of the inscribed square is the hypotenuse of a 
right-angled and equal-sided triangle; hence, the 
square root of the sum of the squares of these two sides. 
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or, whieh is tlie ealne thing, the square root of twice 
the square of the radius, is equal to the hypotenuse, 
or side of the inscribed square. This being trouble<- 
some to attain, and knowing that the smaller square is 
half of the larger, we extract the square root of 
8.141692, which is .707106, and multiply it into the 
diameter of the circle for the side of the inscribed 
square: likewise, we extract the square root of the 
podnei of 1 divided by 3.1416, into .707106, which 
is .22508 ; this multiplied into the eireumferenoe will 
giye the side. 

fiow large a square can be hewn from a round 
Stick of timber, 20 inches in diameter? 

Thus, 20 X. 7071=114.142. The side is 14 inches 
tod a fraction. 

What is the side of a square that can be sawed 
from a log 60 inches in cireumference ? 

60 X. 22508=13.5048 inches, Ans. We may call 
the last decimal .2251, instead of .2250, etc. Henoe, 

To find the side of a square inscribed in a circle^ 
multiply the diamettr by .7071, or the circumference 
hy .2251. 

ft 

THB SIDE OT A SQUARE GIVEN, TO FIND fHE DIAMB'" 
TSB OF THE CIRGtMSGRIESn OIBCLE. 

By reverting to the same figure, as above, we find 
that the diagonal of the inscribed square, is the hy- 
potenuse of a right-angled and equal-sided triangle, 
whose sides are the sides of the square. Hence, the 
square root of the sum of the squares of these two sides 
would be the diagonal, hypotenuse, or diameter. This 
bein^ tedious, we find a decimal, which multiplied into 
the side, will give the diagonal of the square, or di- 
ameter of the circle. This decimal is 1.4142. Like- 
wise, the side multiplied 4>y the decimal 4.443 will 
give the eircumferenoe of the dreumseribed eircle. 



''i 
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Tbe former of these numbers is the sqnare root of 
twice 3.141592 ; and the latter, the square root of twice 
this number, multiplied by itself. 

How large must a tree be, in diameter, to square 12 
inches? 

12x1.4142=16.9704 inches, Ans. 

How large is the circumference of a tree, or circle, 
ttround a beam or square, whose sides are 20 inches? 
thus, 

20x4.443=88.86 inches, Ans. 

The sides of a sill must be 12^ inches ; how large 
must the tree be, in diameter, from which it is sawed? 



By this statement, we avoid 
the difficulty of using the frac- 
tions. Hence, 



Atis. 



25 

4.^4*— 7021 



17.5525 inches 



To find the diameter or circumfereTice of a circle 
circumscribed about a square whost sides are given ; 
or^ to find the diameter of a tree, that will square 
a given size, multiply the side of the square by 1.4142 
for the diameter ; and by 4.443 for the circumference 

or girt. 

It is frequently necessary to find the side of a sqttare, whose 
area is equal to that of a ^ven circle; or the diameter or cir- 
cumference of a circle whose area is equal to that of a given 
square. As it belongs to geometry to demonstrate the vari- 
ous relative proportions of figures, we shall pursue this course 
no further than is demanded by a common-sense view of the 
subject, and give a few numbers without tracing their origin. 

To find the side of a square whose area is equal to 
the area of a given circle^ multiply the diameter of 
the circle by .8862, or the circumference by .2821. 

To find the diameter or circumference of a circle^ 
whose area is equal to the area of a given square, 
multiply the side of the square by 1.128 for the di- 
ameter, and by 3.545, for the circumference. 

These rules will be found useful to mechanics and 
other business men generally, and are given in such 
form as to be easily understood and used. 
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ap]»licatzon of the circxe to cisterns.* 

Cisterns are large vaults made underground to hold 
rainwater. They are of various shapes, square, 
round, and conical or pyramidal. A conical cistern is 
round, but of different diameters at bottom and top. 
A pyramidal is square, and wider at bottom or top. 

AJl that is necessary in finding the contents of cis- 
terns, is to ascertain the number of gallons in a solid 
foot, and multiply the number of feet by it. This is 
done, by dividing the number of inches in a cubic, or 
cyHndric foot, by the number of inches in a wine or 
beer gallon. 

A cubic foot contains 7.48 wine gallons. 

•* " " 6.127 beer " 
" cylindrio " " 5.875 wine 
" " " « 4.812 beer " 

The numbers 5.876, and 4.812 were obtained by 
multiplying 1728, the number of cubic inches in a cu- 
bic foot, by .7854, to reduce them to the number of 
inches in a circular or cylindric foot; the product, 
then divided by 231 and 282, respectively, gave the 
numbers, as above. Thus, we see the continued ap- 
plication of the decimal .7854. 

Were this process not pursued, and the number of 
gallons in a foot obtained, it would be necessary to find 
the number of cubic inches in a cistern, and multiply 
by .7854, when round, and divide by the number of 
inches in a gallon. 

We may dispense with the use of the decimal, par- 
tially, and multiply by two other numbers in the form 
-ef a common fraction. This is done, by multiplying 
the decimal by some number that will terminate in ci- 
phers, and dividing by the same. For instance: 

* The root of cistern is the Lat. ctsto, a hox, whence eistema, 
a vavU for rainwater. 



MEASUREMENT OF CISTERNS. 26S 

7.48x2=14.96. Here, 14 is the whole number, and 
the .9, or ^^, at the right of it being very nearly a 
unit, we carry it to 14 and call the multiplier 15. We 
divide this by 2, on the left of the vertical line, at 
well as multiply by it, to make the other number 15. 

A square cistern contains 100 cubic feet ; how many 
wine gallons does it contain? 

Here 100x7.48=748.00 gallons. By the other 
process, we place the square of the side on the right, 
«nultiply by 15, and on the left, divide by 2 ; thus, 



Aris. 



10 
15 



750 galls. 



It is seen here, that the answers 
vary only 2 gallons in 750. Hence, 
it is sufficiently accurate for ordinary 
purposes. When strict accuracy is 
desu'ed, the decimal may be used. 
Therefore, 

To find the corUents of cisterns tokich are s^piare^ 
place the sqruure of the side^ and depth in feetj with 
15. on the right, and 2 on the left, for wine gallons; 
or multiply the number of cubic feet in the cisiem by 
7.48. For beer gallons^ place 49 on the right and 8 
on the Uft^ or multiply by 6.127. For circular cis^ 
terns, 47 on the right and 8 on the left^ or muUiply by 
5.875, for wine gallons : and for beer gallons, 24 on 
the right, and 5 on the left ; or multiply by 4.812. 

For conical or pyramidal cisterns, add the areas of 
the two ends : multiply the two areas, and extract the 
square root: add this to the sum of the two areas 
above: place this sum and the depth on the right, and 
3 on the left : place likeioisiB, on the right and left^ the 
numbers representing gallons, in the measure desired^ 
and, for square or circular' cisterns, as the case 
may be. 

It may be remarked, that wine measu^, or 231 ou-* 
bic inches to the ^dlon, is generally used as the stan- 
dard in the United States. 2)^ $^A^'**v> i^>^* ^r^ 



9S4 



KAUnV'g UfFEOVfiD ABACUJi. 



How QMay wiae gallons in a dreular cirtera 12 A« 
ui diameter and 20 feet deep? 

12 

fifi — 8 The same answer mkbt be ob- 

ftO tained by suspending uie 47 and 

47 S, and pladng 5.875 on ibe ligbt. 

A»s. 1692 galls. 

How Bumj hogsbeads of water m a eboolar efstem, 
30 feet in diameter, and 21 fl. deep, beer measure? i 



^ — ^ 



^-^ 
^ 



Ans. 



^0 
24 



1440 hhds. 



In this inftancie, tbe answer 
is reduced to bogsbeads, b j 
nlacing 63, tbe number of gal- 
lons in a bogsbead, on tbe Mt. 



How many beer gallons in a circular cistern of con- 
ical sbape, which is 9 ft. in diameter at tbe top, 7, at 
the bottom, and 9 ft. deep? 

9x9=81 area of upper end. 
7 X7=49 " " lower « 

81 X49=^3969=63+130=193. 

193 We first square eaeb of tbe diame- 

i f — 3 ters, and add them ; next, multiply to- 

5 24 gether these squares, and extract the 

^Aggg square root ; we add this root, 63, to 

the sum of the two squares aboye, 130, 

Ans, 2779|^ making 193 1 this 193, mean area, is 
placed on tbe line, with the depth of the cist^n, whOia 
8 is placed on the left. This is eqniyaient to mul* 
tiplymg tbe mean area by •}- of the depth. Lastly, wo 
place 24 on the right and 5 on the left, which numbers 
represent both the number of gallons in a solid foot, 
and the deduction f(n: the quadratiire of the circle. 
Any oenioal or pyramidal cistern may be measured bi 
the same way. It is wholly unnecessary aboTO to get 
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tot, ihe droolwr area 1>y iniiltiplynig \>j .7864; m 
ihifl ean be done quite M ea«ly» oy the 24 Mid 5, er 
by ihfi Bimber which rqireeents tba gallooB »iid qmi'' 
rature, 4.812 ; for circles and squares are to e««A »thfir 
as the squares of their diameters, 

Beqnired the depth of a rectangukr cistern, to hold 
5400 galloBS, whiob it 8 ft. wide, and 10 ft. long. 

We here plaee the contents of the cistern on the 
right of the line, and the two given ^neneaons, with 
jthe fraction e^ressing the number of gallons in a foot, 
ojk the left. The fraction b this case is y , the mea* 
sore being wine gallons : thus, 

Were this beer gallons, we 
would place y on the left. If 
the cistern were circular, we would 
place on the left V, or V. as the .^ .g ^. , 
case might be, with the square of *\ ^ r* 

the diameter, to find the depth, or the depth, to find 
the square of the diameter. As the answer, in the 
latter case, would be the square of the diameter, it 
would be necessary to extract the square root for the 
diameter of the cistern. Example : 

What is the diameter of a circular cistern which 
contains 960 gallons, beer measure, the depth being 
8 feet? 







5 



The result is 25: now, the )l — $ 
square root of this, 5, is the di- j^ 
ameter of the dstern. Hence, /25=5 

When two dimensiwts and the contents of a cistern 
are given to find the other dimension, for rectangular 
nsiems, place the contents on the rights and the two 
given sides, tnth the fraction representing the num" 
2<^ of gallons in a solid foot, on the Irft: the answer 
will be the required side. 

For circular cisterns, place the coTttenis 07i the 
righty and the square of the diameter and fraetiiont on 
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the left, for ikt depth ; or f A« deplk and fraetiM, for 
the tjuare of the diameter ; in the latter ca$e, txtraci 
the tquMre root, and the antwer will be tie required 
diamtler. 

TABLK, 

€Hvi*g the eapaeUy of Square aiid GretUar Cislemt, 
Weill, ete^ 1 fool deep, in wine and beer gallont. 
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OTLINDBBS, CONES, SPHERES, KFC. 

A Cylinder* is a round solid body, of tmifonn diam- 
eter, whose two ends or bases are at right angles with 
the sides. 

A conef is a round solid body, tapering in a direct 
line from the periphery of the base to a point at the 
top, called the vertex. 

A pyramidX is a square body, tapering in a direct 
line from the periphery of the base to the vertex. 

A frustum\\ of a cone, or pyramid, is the part tc- 
maining after a portion of the top is cut off by a plane 
parallel to the base. 

The convex^ surface of a cylinder, cone, pyramid, 
or frustum, is the curved surface, exclusive of the 
ends, or bases. The entire surface, includes the area 
of the ends, or bases. 

A sphere^ is a solid, round body, with a curved 
surface, all parts of which are equally distant from the 
center within ; and is generated by the revolution of a 
semicircle about its own side. 

A spheroid** is an oblong sphere, whose diameteir 
across is less that the diameter of the opposite ends, 
and is formed by the revolution of an ellipse about 
either of its axes. The extremes of the longer diam- 
eter are called the major axis, and of the shorter, the 

* Cylinder is from the Gr. root jwxim or kvlio, to rolL 

t Cone is from the Welsh con, that wkich shoots a point, 

i Pyramid originates from a Gr. word whose origin is yru^ 
or pur, a flame, from its resemblance in shape to a blaz- 
ing fire. 

II Frustum is a Lat. word, which means a broken piece. 

^ Convex is from the Lat. convexus, to bend down on every 
side, as the heavens; the opposite of concave, from cavus, a 
hollow. 

f Sphere is from the Lat. sph^Bra, a round baU. 

** Spheroid is from the Gr. TpaupA or ^haira, a round ball, 
and uSit or eido8,form; globe-like. 
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minor axis, from tb« Lfttio, major and minor, greater 
and Ze«5. 

The axes^ of a body are points on whicli it is gtip- 
posed to revolve. 

The diameter of a sphere is a line drawn through the 
extreme opposite surfaces. The radius, a line drawn 
from the center to any part of the surface. 

A section, as of a cone, or other body, is a portion 
cut off; from the Lat. root seco^ to cut off,\ 

VEn CTLINDKB. 

To find the convex surface of a cylinder^ midliply 
the circumference by the length : for entire contents, 
add to this twice the area of the base, or the area of 
the two ends. 

It may be observed that the convex surface of a cylinder is 
a rectangular figure, supposinff it to be rolled out in 
ths form of a plane. Hence, tne length multiplied by the 
Width, will give the superficial contents, as in other cases of 
ieetangiesi 

What is the convex surface of a cylinder, 18^ in. 
in circumference, and 8 ft. long ? 

4 



—t 
75 



Having the length in feet, we di- 
vide by 12, to reduce the width to 
the same' dimension, that the an- 
swer may be in feet. 

What is the entire surface of a cylinder 30 inches 
in circumference, and 40 inches long ? 



12^ f«et. 



* Axes is the plural of axis, which is from «|av or mx&ns ^ 
table at Athens on which the laws were written, and Which 
revolved on centers or axes. This word is from Syoa or ago^ 
to guide or direct movemetiiei hence, the direction of the rao» 
tion of a body. 

t This is the origin of that beautiful, yet very difficult de- 
partment of geometry, called Ckmie Sectume, whose demon- 
stration requires the closest aa4 most perspicuous reasonings* 
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dM 



2 

2 

82 

22 



Ans, 



5 
6 

7 
7 

•7854 
2 



12^0 



S^feet. 



.9939 area of both ends. 
8.3333 coitiraz ureaL 



9.3272 enttro snrfiu^e. 



In tlie work above^ the diffiealt j is presented of 
finding the diameter of a cirole» then squaring it, and 
mnltiplying.bj .7854, for the area, and 2^ for the two 
ends, which would make two statements neoessarj. 
.Hence, to avoid this, we aiiihiply together the square 
of the circumferenoe, . the square of 7, the decimal 
.7854, and 2, representing the two ends, and cKvide by 
the square of 22, and the de&ominatoM found in the 
eiroumfereneeu 

To find the solid contents sf a cylinder^ place the 
eqwure of the diameter, the lengthy and «7854 on the 
right, and such denominate numbers as may be neces^ 
sary, on the left: or^ instead of SI %b^ place 11 on the 
rights and 14 on ike left. 

What is the solid contents of a ojlinder 30 inches 
in diameter, and 16 feet long? 

Here the two twelves are 
placed on the left to reduce the 
square of the diameter to feet, 
that all of the dimen^ons may 
he in feet. Fo\ur places of de- 
eimals are out off in the answer. 






00 

go 

.7854 



Ans. 



^M^^*»d_ 



78.6490 ft. 



How many solid feet in a eylinder 10^ feet in di- 
BMeter and 12 ft. long? 
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21 
*?^— 3 

11 



2079 



1039^ 



The 11 and 14 are lued in this 
calcidation. These are not snffi- 
oiently accurate in cases where 
great precision is desired. 



OONTXNTS OF BOILBBS. 



7b find the contents of boilers^ place the square of 
the diameter aihd length in feet, on the right with 47, 
and 8 on the left : the answer will be the contents in 
wine gallons. Ascertain the contents of the flues in 
the same way, and subtract these from the contents 
above. 

For beer gallons, instecul of 47 and 8, use 24 
and 5. 

Or 9 Multiply the length in feet, by the contents of 
the given diameter, a^ found m the subjoined table^ 
and strike off as many figures in the answer for deci-- 
mals as there are decimal places in the multiplier. 

How many wine gallons in a boiler 39 inches in di- 
ameter and 40 feet long, having two flues, each 9 
inches in diameter? 



4 


3 


5Ht 


3 


^ 


40-5 




47 




fi 


Fines. 


264.375 






;af)«— 13 
;afjJ— 13 

140—5 
47 



Boiler. 



Ans, 



2482.1876 
264.375 



2217.8125 gaJttons. 

In this example we make a separate calculation for tho 
flues, which are ^ of a foot in diameter; and as there are 
two of them, we multiply by % instead of working the qnes- 
tlon twice. The answer is 3218 gallons, nearly, wine mea- 
snre. The same process may be pursued for beer gallons; 

The subjoined table will be found Tery convenient for piac- 
tloal men« 
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TABLE 

Cf eonUnta of BoilerB 1 foot in length, in vfine gaOoM, finm 3 

to 38 inehu in diameter. 



Dta. 



3 

4 

*H 

5 

!>^ 

6 

7 



Cont*a. 



.367 

.499 

.652 

.826 

1.02 

1.234 

1.469 

1.724 

2. 



Dia. 



7K 

8 

9 



Cont's. 



2.293 
2.611 
2.947 
3.304 
3.682 
4.079 
4.498 
4.937 
5.396 



Di. 

12 
13 
14 
15 
16 
17 
18 
19 
20 



Cont'i. 


Di. 


5.875 


21 


6.895 


22 


7.997 


23 


9.179 


24 


10.444 


25 


11.788 


26 


13.219 


27 


14.719 


28 


16.319 


29 



Cont*s. 


Di.| 
30 


17.992 


19.739 


31 


21.582 


32 


23.5 


33 


25.499 


34 


27.666 


35 


29.308 


36 


31.985 


37 


34.311 


38 



Cont' t. 

36.719 
39.207 
41.777 
44.421 
47.163 
49.978 
52.875 
55.853 
59. 



T 



AIB PBBSSUBE. 

To find the airpreseure on pieton heads and other drctdar 
areae, place the equare of the diameter and 165 on the right, and 
14 on the le/i. 

This rule is based on the snppotition that the pressuie of 
air, per superficial inch, is 15 lbs., and that LI is the ratio of 

the circle to the square: hence, instead of using the 15 and 11, 
separately, we make them one number, such as may be easi- 
ly remembered, by multiplying them together. The pressure 
may be quite -accurately obtained by multiplying by 59 and 
dividing by 5; thou|rh, for entire accuracy, it is best to use 15 
and the decimal .7854, which, multiplied into the square of the 
diameteri will give the true result 

What is the air pressure on a piston head 10^ 
inches in diameter? 



The answer is nearly 1300 
pounds. 



2 
2 

2-M 



8 



Ans. 



21 
165 



10395 



1299* lbs. 



What is the air pressure on a piston head 35 inches 
in diameter, in tons ? 
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2— 2-400;^A— 7 
2-20 ?^_^ 
2— ^^U0^— 33 



32 



Ans. 



231 



7A 



The answer is 7^ tons, 
equal to 7 tons, and 437-^ lbs., 
aToirdiip<»s. 



OOMBB AND PTSAMIDS. 



To find ike ttniaz mr/oM of a com or pyramid, fuuUgtfy fke 
eireuwfarenee or perimeUr of the hate by tke olafU hi^t, and di* 

VMte Oy *« 

The reason for dhriding by 3> iftthst the convex rarfoee of 
a cone or pjnmid is jnst ^ the convex surface of a cylinder 
of similar base and altitaae. 

The circumference of a cone is 90 inches, and the 
slant hight 10 feet ; how many feet in its surface ? 



Twelve is used on the left, to re* 
doee the circumference to feet. 





00—8 
10—5 


4 


150 


An$. 


37* ft. 



To find ike BoUdUy of a cone Or pyramid ^ niuUipty the square 
%f ihe diameter, ihe vertical hight, and .7854 togeOiet, and dipide 
oy 3, and euch other numhere ai may be necessary to reduce the 
dimensions to the came denomination. Cut off four figures for 
decimals in the answer. 

The reason for dividing the product of the dimensions by 
3» is, that a solid cone is one-third of a cylinder of similar 
base and altitude. The same thing is true of a pyramid. 

How many solid feet in a cone 10 feet in diameter, 
and 30 feet high ? 

10 I The answer is 7854 solid feet, 

10 nearly. We might use tne 11 and 14, 

^0 instead of .7854, which would give 

.7854 . I the same answer within a very small 
fraction. 



Ans. 



785.4000 



To find ike eonver sufface of ihe frustum of a cone or pyramid. 



r' 



souDirr OF tick rmowfvu ot a cone. HM 

piaee the •urn of Ihe cif€un^eraut», <nr perimeters^ of the Hoo 
end* with the slant hight on the right, and 2 on the left; for the 
tetOiife surface, add t» the re$vit, the smn of ihe areas if dke too 
ends, 

A coAe, tuperficiallv meftsured, may be dtusily p|:oy<li to 
b« a triangle; hence, the necessity of diyiding the product of 
its two dides, as a rectangle, by 2, i6 get thd triangle. Like- 
wise, the superfice of a frustum may be divided into two tri« 
angles: hence, the necessity of the sum of the circumfe- 
rences. 

7b find the iolidiip of tkeftustuin of a eene or py^ 
Tomidf To the sum of the areas of the ttbo ends, add 
ih€ square root of the product of these areas; place 
this sumi mth the vertical hight^ on the right of the 
line, and 3 on the left. 

Thus we obtain the mean and two end areas, which are the 
tmses of three right cones: these three cones are equal to the 
solid frustum. 

How many dolid feet in the frnsttim of a eone 4| ft. 
high, and 6 ft. in diameter at the lower, and 5 fib. at 
the upper end? 

6x6=36 X. 7854=28.27 area of lower base. 
5x 5=25 X .7854 =19.63 " « npper *' 

47.9 enm of basesJ. 

28.27X19.63=^554.94=23.56. 

Now, 47.94-28.55=71.45, and this mnhipfiei by 
the hight, and divided by 3, gives the answer; thni. 



W.^^— 1429 

4^8 



114.82 



In the work above, we ascer- 

tained, first, the two areas, mul- f 

tiplied them, and extracted the * 
Booare root of their product, 
mich root was 23.55. This, added to the sum of the 
two areas, 47.9, gave 71.45, to be multiplied by ^ of 
the hight. It is almost impossible to explain such 
operations as this satisfactorily by arithmetic ; yet their 
utility in praetioal affairs neeessitates their intro- 
daction. 
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tax 8PHIBI OB GIOBB. 

To find the mrfaee of a sphere or globe, MuUiplf 
the circumference by the diameter : 

Or, Multiply the square of the diameter by 8.1416 ; 

Or, Multiply the square of the circumference by 
.3183. 

The decimal .3183 to obtained by dividlDg 1 by 3.14159. 

What IB the siu&oe of a sphere, whose diameter is 
3 feet? thus, 

8x3=9, the square of the diameter; and this 9x 
8.1416=28.2744, or 28 superficial feet, the answer. 

To find the solidity of a sphere. 

Multiply the cube* of the diameter by the decimal 
5286 : 

Or, Multiply the square of the diameter, .7854, } 
of the diameter, and 4 together : 

Or, Multiply the square of the diameter by 8.1416y 
and the product by \ of the diameter. 

The decimal .5236 here used, is one-sixth of 3.1416. In- 
deed, all of the decifflals used as maltipliers in anything* per- 
taining to circuhir figures, can be traced back to the number 
representing the ratio of the circumference of a circle to its 
diameter. 

A globe is 10 inches in diameter; how many solid 
inches does it contain ? 



10X10X10=1000X.5236=: 

523.6 cubic inches, Ans,; or, 
10xl0X.7854xltX4=523.6; or. 



Ans, 



10 
10 

8.1416 
5 



623.6000 



Any of the processes above may be used with en- 
tiro safety. 

* The cube of a number is that number multiplied into it- 
self twice; the cube of 4 is 64. 
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A globe is 30 inches in diameter ; how many solid 
feet does it contain ? 

It is frequently quite convenient 
to state on the line, where reduc- 
tion is to be performed, or any 
fractional numbers used. The 
question may be stated thus, 



12 



;ro 

3.1416 
5 



8.18125 



2 

2 

12 



5 
5 

3.1416 
5 



Ans, 

The two dimensions in the square are 
reduced to feet, while the third dimen- 
sion, in the cube, is still inches, and must 
be reduced by 12. 

It may be remarked, that when a cylinder is circumseribed 
about a sphere, whose length is equal to its own diameter, or 
that of the sphere, the relation of the surface of the sphere 
to the entire surface of the cylinder is as 2 to 3; and that the 
relation of their solidities is the same. Hence, an easy method 
of finding the solidity of a sphere, is to take two-thirds the 
ttolidity pf a .cylinder, of diameter and length equal to the 
diameter of the sphere* 



THE SPKEBOIB. 

To find the solidity of a spheroid^ 
Multiply the square of the shorter or minor axis by 
the longer or major axis, and the product by .5236. 

A jpheroid is 20 by 30 inches; what is its solidity? 

20x20x30x5236=6283.2 cubic inches. Ans. 

Lines are to each other as their linear extent: 
Areas are to ea^h other as their squares : and 
Solidities are to each othtr as their cubes. There- 
fore, 

To ascertain the weight of a globe, when the weight 
of a globe of similar material is given, Place the 
cube of the diameter of the globe whose weight is re- 
quired, on the right, and the cube of the globe whose 
diameter is given, on the left, and the weight of the 
given globe^ on the right. 



8«e 
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TbA MlUity of a (^obe, who^e diaiaeter is one ii»c^ is 
•52359, which, for practical purposes, is called .5236. 

A globe of wrought iron, 1 foot in diameter, weighs 254.8 
lbs., and of cast iron, 242. The weight of bar iron being 1, 
the weiffht of cast iron is .95, of steel, 1.03, copper, 1.16, 
brass, 1419, and lead, 1.46. 

A cubic foot of rolled iron weighs 486.^ Ihi,, awkdtfpmf 
a cylindric foot, 382.2 lbs. Hence, a cubic inch weighs 
.528166 of alh.; a cylindric inch, .22116; now, taking two- 
thirds of the latter, shows that a spherical inch of roUeid iron 
weighs .14744, and of capt iron, .14006 of a lb. A eubie inch 
of cast iron weighs .26757 of a lb.; hence, 3.64 eubie incbM 
of cast iron weigh ^.02 lb.; 3.84 cubic inches are gweiall^ 
allowed for 1 lb. 

If a cast iron globe, 12 inches in diameter, weighs 
242 lbs., how mueh will a globe of the samQ metal 
weigh, which is 15 incbe? in diameter? 



^^l^i— 121 






Ans, 



472*1 



f¥ 



Here, the eube of the di- 
ameter is placed on the line in 
inches, in each ease ; and as the 
cube of 12 equals 242, the 
cube of 15 must equal 473, 
etc. 



aAUGING.* 

Oauging is the measurement of casks or barrels ; 
and is subject to no specific rules, from the faet that a 
cask ia not identical with any regular geometrical 
figure; hence, no certain directions can be given to 
measure all of the various shapes which casks assume. 
They are generally considered the two equal firustums 
of a cone, with greater or less lateral curvature. 
It is not necessary to enter into an investigatiou of 
the principles on which we found the following 



*Crattge is from the French* ia«^0t ^ mea$uring rtd. 
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DiBionovs lOB GAuama cisKa. 

place the sum of twice the square of the bulge di- 
ameter and once the square of the head diameter, toith 
the length, on the right; and, on the left, 882 for 
mne gcdlons, and 1077 for beer gallons : Or, Multi' 
ply tne square of the mean diameter by the length, 
and the product by .0034 for wine, and .0028 for 
beer gallons. 

To ascertain the mean diameter between the bung and the 
head, where the stave is grreatly curved, add to the head diam- 
eter .7 of the di£Eeience between the head and bung dimne- 
ten; when moderately carved, .55; and when very alightiy 
carved, .5. 

How many "vrine gallons in a task 49 inches long, 
SO inches bung, and 21 inches head diameter? thus, 



^§(—4iij{— 5(5(4 



6 



747 



30x30x2=1800 
21x21 = 441 

^^^^ - 124igalk. 

The measurement of casks by calculation is of but 
little utility, as it is now mostly done by a rod, with 
computations already made, in tabular form. 



4^—747 



MECHANICAL POWERS. 

The remarks on the mechanical powers will be very 
limited, as this subject belongs legitimately to natural 
philosophy. Yet we may give such general directions 
as will enable the student in philosophy to make his 
calculations with greater facility, than by the old 
method. 

The mechanical powers are six : the lever^ the in- 
clined plane, the wheel and axle, the pulley, the 
screw, and the wedge, 
18 
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Seyeral of these are, however, the same powers, 
which receive their name from the nature of their ap- 
plication; as there are, strictly speaking, but two 
powers, the lever and inclined plaju. The toheel and 
axle, and jwlley are revolving levers ; the screw^ a 
revolving inclined plane ; and the wedge, a compound 
inclined plane. 

The fulcrum* of a lever is the point or pivot on 
which the lever rests: the arm is the distance be- 
tween this rest and the power or weight. 

- When Ike two tirmt of a iever and ike fowtr are gwen,tofind 
Hm wagkt that wiS eqw^nierate, proceed as in Inveru Propor^ 
fton: Or, Place the length of the arm for which the toeighi is re- 
(pared, on the left, and the other arm and the ginen weight on the 
right: the answer wiU be the required teeight. 

A lever 20 feet long rests on a fulcrum 5 feet from 
one end ; on the short end is a weight of 3000 lbs j 
what weight attached to the other end will equipon- 
derate? 



!(—^^ 



dns. 






1000 lbs. 



This may be proven "hj finding 
the length of one of the arms. 



If the arm of a lever 16 feet long, with 1000 lbs. 
attached, equiponderate 3000 lbs., how long is the arm 
to which the latter weight is attached? 



^000 



Ant. 



1000 



Here, 3000 feet is the demand, 1000 
the same name, while the term of an- 

6 f fit I ®^®^ ^^^^ feet. The 1000 lbs. and the 
'15 cooperate to produce the common 
effect, equiponderance. Hence, thev are causes in 
proportion. 

When a weight is sustained between two props or fulcra, pro- 
ceed by Inverse Proportion; making the entire length of the lever 
tJie demand, t?ie short arm Vie same name, when the weight on the 

* Fulcrum is a Latin word which meaDs a prop, or braee^ 
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jprcyi oj ti« hyng arm is reqtdred, and mee ver§a, and the uihoU 
weiffhi ike term of answer. 

Two men, A and B, carry a burden pn a leyer 30 
feet long, placed 10 feet from A ; what is the weight 
sustained by B ? 



30120 
400 



^«5.|266J A's. 



30 



Ans, 



10 

400 



1.33^ lbs. B's. 



The weight to the answer is inversely as ike arm to 
the whole lever. These two results added, make 400 
lbs.y the whole weight. 

Hie diameter hf the wheel, the diameter of ihe axle, and the 
power given J to find ihe weight: Proceed as in Inverse Propor 
Hon, etc. 

The diameter of a wheel is 21 ft., and that of the 
axle 8 inches ; what weight attached to the axle will 
balance 140 lbs. attached to the periphery of the 
wheel? 

We here make the 8 inches f oF a 
foot, and placing it on the left, di- 
vide likewise by 100 which reduces 
the answer to cwts.: hence, 50f cwt. 
The radius of a wheel is the long 
arm; the radius of the axle, the 
short arm. The weight is the power. 



100 



10 



3 
21 

440-7 



504 



50| 



Ans, 

This question 
may be proven by finding the power attached to the 
wheel, or by finding the radius of either the wheel 
or axle. The ingenious pupil may experiment at 
pleasure. 

The length, the hight, and the power of an inclined plane given, 
to find the weight: Make the length the demand in direct propor' 
tion; the hight, the same name; and the power, the term of an^ 
swer: the answer wiU be the weight. 

To find the power, make the hight the demand, etc» 

An inclined plane is 72 ft. long, and 8 ft. high ; 
what weight will 781 lbs. power sustain? 



•90 



EAJIU»V^0 OUXOVaP A»A€U0. 



781 



Ans, 



7029 lbs. 



The demand, 72, is placed on the 
right. Again : 



What power will sustain 7029 lbs. weight on «a ia« 
dined plane 72ft. long> and 8 ft. high? 



Ans* 



781 Ibe. 



We now get the power assumed 
in the first question, for the answer. 



Th$ $id€ of M uedge, tk$ tftteJbicM of ifte head, and ^ powtr 
pinen, to aseertain the force: Make the letMth iha denuind; Urn 
thiekneety the same name ; and the potoer, the term of answer. 

T%e dimensions tmd resistance gwen,to find ike power: Make 
the ihiekness the demand; the length the same name; and the rt' 
sisUmce the term of ansioer. 

The length of a wedge is 40 inches, the head 8 
inches, and the power 300 lbs. what is the force? 



8 



Ans. 



40 
300 



Ans. 



1500 lbs. 
1500 



300 lbs. 



This may be proyen by finding the 
power, ih» force being tht resistanee; 
thus, 



These statements are made by di- 
rect proportion. 



The distance hetween the ihreads of a sareWfihelensi^ofleoer, 
and power given, to ascertain the weight: Make the circumference 
whose radius is the lever, the demand; the distance between the 
fkreadSf the same name; and the power the term of answer. 

The weight given, to ascertain the power: Make the distance 
hetween the'tkreads, the demand; the dretmrference, as above, the 
same name; and the power, the term of answer. 

The distance, parallel to the center, of a screw be- 
tween its threads, is 2^ inches; the length of the 
lever, 56^ inches, and the power, 9 tons ; what pres- 
sure will it give? 



S«UABB aOOT. 



371 



Here, 355 is the circumference of 
twice the radius, 56^. 



Ana. 



355 
2 

9 



1278 tons. 



Let ns now find the power, the pressure, 1278 tons, 
being ascertained ; thus, 

' We merely reverse the supposition 
and demand, after finding weight, force, 
pressure, etc., to find the power. 



355 
2 



Ans. 



5 

1278 



9 tons. 



We trust enough has been said to render the appli- 
cation of arithmetic to philosophy, plain and simple, so 
fjEtr as the mechanical powers are concerned. 



SQUARE ROOT. 

The extraction of the square root, and all the other 
roots, depends on principles which it is extremely dif- 
ficult to explain satisfactorily, in arithmetic. The 
roots belong properly to Algebra ; and the only ex- 
cuse for the notice of square root here, is, that we 
very frequently require it in practical affairs. Cube 
root, to the contrary, is very seldom needed, except by 
scientific men, such as have thoroughly studied all of 
the principles of algebra. I have never, in the course 
of my life, found occasion for extracting the cube root 
once, for practical purposes. Hence, the propriety of 
excluding it from this treatise ; as likewise all of those 
subdivisions of numbers whose explanation depends 
on algebraic principles ; such as the Positions, Alliga- 
tion, the Progressions, Permutation, etc., etc.; none of 
which offer any reward for the arduous labor lost in the 
impossible task of their attainment in aritbmetie. If 
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one-half the time devoted to these principles in their 
arbitrary form in arithmetio, were devoted to the (tudy 
of algebra, the pnpil would learn a great portion of 
that beautiful science, and thus secure the onltf key to 
the principles involved in these rules. 

The sign J plaeed before a number, indicates that 
the square root is to be extracted. By placing 3, 4» 
5, etc., over it, we understand that the cube, fourth, 
or fifth root is to be extracted ; thus, 

V16=4; and 4x3=^144. 
V125=5; and 5x2=V1000. 

SUMMARY OV DIRECTIONS. c 

I. S^araie the tutmber into eolumn$ or periods of ttoo figures 
each, by f^adrur a period ( . ) over the unit*s figure, ana over 
every second figure from this to the left, and m dedmals, over 
every second figure toward the right. 

II. Find the greatest square number in the first period to the 
left, and place tKe root, or an equal factor of such square number, 
for the quotient, at Ae right of <A<f whole number: subtract the 
square of this root, or quotient figure, from the first period, and 
to the right cf the remainder bring dtnon the two figures of the 
next period, for a new dividend, 

III. Double the rooP or quotient figure obtained, and place it 
to Ae left of the new dividend, for a new partial divisor: ascer^ 
tain how many times it is contained in the new dividend, ex- 
dusive of the right-hand figure of such dividend, and place the 
quotient to the right of the first quotient or root: place this 
quotient, or second figure of the jroot, likewise to the right of 
the partial divisor, which was used in ohtainijig it: muUipiy 
the whole number thus found as the divisor, by the figure thus 
appended, or the last figure in the root: subtract the product, and 
bring doum the next period, for a new dividend. 

IV. Proceed with this period as the one preeeding, and thus 
continue the operation, until the roots of aU the perwds are cx- 
tracted. 

V. If there be a remainder after aU the periods are thus used, 
tvjo ciphers may be added at a time, and the operation continued 
to any desired number of decimal places. 

VI. The work is correct, if the root multiplied by itself, gives 
m product equal to the original number. 
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2)729(37 
4 

47)329 
329 





What is the sqnare root of 729? 

It this example, we make 7 the first, 
and 29 the second period : 2 squared, 
equal to 4, makes the largest number 
that can be extracted from 7; for 3 
squared, would give 9, a number too 
liurge. We place this 2 to the right, 
subtract its square, leaving 3, and bring 
down the 29: we now square the 2, placing the square 
4, on the left of the new dividend, 829 ; we divide 
the 4 into the first two figures of the dividend, 32, 
and find that it would go eight times, and conclude 
that 8 must be placed to the right of the divisor, 4; 
but, when we multiply the 48 thus found by the root 
8, we find that it makes 384, a number that cannot 
be subtracted from 329. Hence, we conclude that 
the partial divisor, 4, must go into 32 only seven 
times, making allowance for the one that will be car- 
ried from the 9 which is rejected, and place the 7 in 
in the root, and also at the right of the divisor 4, 
making 47. Now, this 47, multiplied by the root, 7, 
makes 329, which subtracted leaves nothing. We, 
therefore, conclude that the root is 27, and prove it 
by finding that 27 X27=729. Again : 

What is the side of a square field that contains 
42025 square roods ? 

We first divide this number into periods ; thus, 

The first root is 2,' and its pro- 
duct, 4, subtracted leaves nothing. 
20 being the next period, we know 
that 4, which is the root doubled, 
would be ccmtained 5 times ; but, 
as 46 multiplied by 5 could not be 
subtracted from 20, we say that 
this period gives no root figure, and supply its place 
by a cipher in the root, and also a cipher at the right 
of the partial divisor, 4. Now, this partial divisor. 



2)42026(206 
4 

406)2026 
2025 





«74 
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40, is ooniained in the 202, fiTe times: heDce» we 
place 5 in the root, and 5 at the right of 40, and Bial- 
tiplj the divisor thus found by the 5, making 2025. 
Hence, the root is 205. This multiplied by itself 
gives the original number. 

In decimals appended to a whole number, the ex* 
traction is effected as in whole numbers. The on\y 
thing to be observed, is to plaoe the decimal point 
afler the last root figure in the whole numbers, and 
all of the remaining figures will be decimals. 

To ascertain the square root of a vulvar fraction, reduce Hie 
fraction to «te hweti term, and eactraet ihe rooto if 0ie ntmif- 
rotor and denmmnalor, oeparatdif. 



What is the square root of -fj^t 

81 = 9 ^9 =3 

^)TT7 ^'^ "^^'"^Ti^ 75 or, get the roots of 
144sclo ^lo=s4 

the firactioB, and reduce these to the lowest term; 
781 « 9 , 9 =3 ^ 

A number whose root cannot be exactly ascer- 
tained, is called a surd. 



CUREENCT. 

Value of foreign Chid and SUver Coino, aceordmff to OuiUm- 

HoMoo uoage. 



Guinea, Eagliih, g;old, 
Crown, " iilver, 
ShiDiDf, » » 

Bank token, Bnglish, litvejr. 
Florin, of Basle, silver, 
Moidore, Brazil, (old, 
liivre, of Catalonia, silver, 
Florence Livze, silver, 
Lonis d'or, French, gold, 
Crown. " silver, 

40 Franot, " (^old, 
5 Francs, '< silver, 
Geneva Livre, silver, 
10 Thalen, German, gold, 
10 Panls, Italy, silver, 
lamaiea Poniid, » — liwfl l. 



$5.00 
I.IS 

jsa 

.41 
4.00 

.15 
4.50 
1.06 
7^ 

.93 

.SI 
7.80 

.97 
3j00 



IiC!glioni Dottai, aihrer, §0 JO 

Sendo, of Malta, «< .40 

DottUoon, of Mexico, flold, 15.60 

Idvre, of Nooicliatel, sflver, .S0>( 

Half Joe, Portugal, gold, 8.53 

Florin, Pmssia, silver, SSt^C 

Imperial, Russia, gold, 7.83. 

Riz DoUar, Khonieh, filver, MX 

« •« Saxony, «* .60 

Pistole, Spanish, gold, 3.97 

Rial, " Bilvei^ ,n}ii 

Cross Pistareen, " .10 

Other Pistareens, » IS 

Swiss Livre, " Jff 

Crown, of Tuscany, silver, 1.05 

Piaster, Tnikisk, <« .05 



FOREIGN corns AKD 1«>1IIBS OF ACCOUKT. 27ft 



Jfontet 9j Aeeouid and CwtM^matU aurrmd haf tut 9fO»tigrea»,* 

Rix Dollar of Bremen, fO.TSX 



Pouid Sterlin|r, CL Britaia, $4.84 
Do., Caaada aad N. Soo., 4.00 
Do., N. Braa. and V. Found., 4.00 
Frano, of France and Belgium, .186 
Livre Tonmoii, Franee, .185 

Florin, S'etherlandi, .40 

Do.. Sootfaera Get. Statot, .40 
Guilder, of Netherlattda, .40 

Boal VeUon, Spain, JOS 

Do., Plate, « .10 

Milree, of Pertugftl, LIS 

M ilree . of Azores, .9ZH 

Marc Banco of Hambnif , j35 
Thaler, or Bix Dollar, Pvouia, 
and Nor. Ger. States, ^99 



Specie Dollar of Denmark, 1.05 

Do., Sireden a»d Norw»y« 1.00 

Rouble, Russia, silver, .7S 

Florin, of Austria, .485 
Lira or Lombardo, Yeaetian 

kingdom, .16 

Lira, of Tuscany^ .16 

Lira, of Saidimia, 4«6 

Ducat, Naples, JBb 

Ounce, «f Sldly, 4.40 

Livres, Lecfaora; .16 

Tool, of China, L48 

Rupee, Ck>mpaay, .446 

Pafoda, India, 1.84 



Foreign Monies «f Aeeount, gMno Ike wdme of <le unUf 
ing to eu»tom, in doUar» and eeni$.^ 

BrazU — 1000 Rees -»l Milree — in Federal money to $0,838 
The silver c^in, 1200 Rees— ., . ^94 

Bremen, — 5 Schwares i^ Grote^ 72 Grotes «— 1 Rix 
Dollar, sHyer, " .7S7 

Ae^Km.— 100 cento —1 Guilder or Florin; 1 Guilder, 
(silver)^ ^ 

Beneoolen. — 8 SatelIerB»»l Soocoo; 4 Soocoo8«"l dol- 
lar or rial, 1.10 

Au9tria,-M Kreutzers —> 1 Florin; 1 Florin, silver -« .48S 

BriHeh India.— ^1i Pice —1 Anna; 16 Annaa *^l Co 

' Rupee« silver, .445 

In Bengal, Madras, and Bombayi the current silver 
Rupee— 444 

Buenos Ayree. — 8 Rials —1 dollar, common currency, 
(fluctuatinff), ^ 93 

€)anUm. — 10 Cash -» 1 Candarine; 10 Candarines >-«l 

Mace; 10 Mae©— 1 Tael, 1.48 

(The Cash, composed of Copper and lead, is said to 
DO the only money coined by the Chinese.) 

Cape of Chod Hope^—G Stivers i— 1 Schilling; 8 scb* >i- 

1 Rix dollar,. 313 

Ceylon, — 4 Pice —1 Fanam; 12 Fanaras — 1 Rix doL» 40 

Cuba, — 8 Rials, plate, *-4 dollar; 1 dollar, ........... 1.00 

tkfliankiaf Eeuaamr, VeMXuda^ and JITcv Orena da . " 8 
Rials —1 dollar; 1 dollar, fluctuating, 1.00 

* Monies of Account are not represented ity ooin, aad aio sued for Ilk 
cility in reckoninj?, only, as mills in our oonntry. To veiiiy ttw tsUee 
«boTe, see £mm ^ titt Unitsd Staua. 

Jfiee Mnewd^pmdim tkUmmie^, aad MeCmlheVs CnmmfMtU 
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CSuii—e Ridlt —1 dollar; 1 dollar, silver, ^ $1.09 

Denmark.— 12 Pfenings -»1 ekilling; 16 Sk. —1 Marc; 

6 MarcB >— 1 Rigsbank, or 1 Rix dollar, silver, 52 

J^^.— 3 Aspers —1 Para; 40 Paras —1 Piaster, siL, .048 
HmnburQ,^lii Pfenines —1 SchUlingr or Sol; 16 Schil. 

»1 Marc Lubs;* 3 Marcs —1 Rix dollar, Carrent 

Marc, silver,. .28 

Marc Banco, 35 

HottanJ— 100 Cents —1 Florin, or GuUder: 1 Florin, 

silver, 40 

Greece. — 100 Lepta •-•1 Drachm^; 1 drachma, silver,. . .166 
Ch'eat Britain and France. — See tables above. 
Japan. — 10 Candarines —1 Mace; 10 Mace —1 Tael, .75 
Jir<f^.— 20 Granif —1 Taro; 12 Tan —1 gcudo; 2^ 

Scudi —1 Pezza, 1.00 

Jaea.^100 Cents —1 Florin; 1 Florin, as in Nether- 

lands, 40 

Mauritius.— In accounts of state, 100 Cts. —1 dol. — .968 
ManiUa.S4 Maravedies *— 1 Rial; 8 Rials —1 dollar. 

Span ish 1 .00 

Milan.— 12 Denari —I soldo; 20 Soldi —I Lira, 20 

Mexico.— 8 Rials —1 dollar, 1 dollar 1.00 

Montevideo.— 100 Centesimi »-l Rial; 8 Rial —1 dol., .833 
Naple8.—10 Grani —1 Carlino; 10 Carlini —1 Dncat, 

silver, 80 

Netherlands. — Throughont the whole kingdom, ac- 
counts are kept in Florins or Guilders, and cents, as 

per law of 1815. See Holland. 
New South Wales. — Accounts are kept in Sterling 

Money, only. 

Norway.t— 120 Skillings —1 Rix dollar, silver, 1.06 

Pajud States.— 10 Bajocchi -»1 Paolo; 10 Paoli —1 

Scudo or Crown, 1.00 

Peru. — 8 Rials —1 dollar, silver, 1.00 

Portugal.— 4^ Reea^l Cruzado;§1000Rees— .1 Mil- 

ree or Crown, 1.12 

* Labs indicates that it is the money of the city Lnbec; the common coin 
it the marc cnirency; the marc banco represents the certificates of deposit 
of bullion, jewelry, etc., in the bank of Hamlyur|r. Invoices and aocoants 
are frequently made in Flemish poviub, skilhngs, and p«nM, which are 
•nbdiviaed at tterling money. The Flemish pound it eqnal to 7^ marcs 
banco. 

t Orami is the plural of grano; tari^ plural of iaro; seudij of sewb; Hrt^ 
of lira; pezu of pma; soldi, of soldo; carUni, of earlino; hejjouhi, of 
htfioeeho; and paM, of paolo. 

t Norway has no gold coin of her owu. 

f Cruzaai is plural of eruzado; groseksHy of groseh; estUssimi of cral^ 
mmoi Kr§ picsoU, of Ura pieeola; soldi di psxxa^ ofsslds di psxxa.. 
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iVtf«<ta.-^12Pfeiiiiig8— 1 GroKh^silTer; 30 Groschen 

—1 Thaler, or dollar, $0.69 

Russia. — 100 Copecks —1 Rouble, silver, 78 

Accounts were kept in paper Roubles previous to 

1840, 3}^ of which were equal to 1 silver Rouble, 
fifardinifl.— 100 Centesimi —1 Rira; 1 Lira —1 Franc, 

French, 186 

Sweden.— 12 Rundstycks ~1 Skilling; 48 SkiUing —1 

Rix dollar, specie, 1.06 

SieUy.—fiO Gralii —1 Tare; 30 Tari —1 Oncia, gold, 2.40 
Spain.— 2 Maravedies— 1 Quinto; 16 Quintos— 1 Rial 

of old plate:* SO Rials vellon —1 Span, dollar, 1.00 

St. Dmninffo,— 100 Centimes —1 dollar: 1 dollar, ZSJ4 

Tu8Ciiny.—l2 Denari di Pezza —1 Soldo di Pezza; 2 

Soldi di Pezza —1 Pezza of 8 Rials; 1 Pezza, silver, .90 
Turkey. — ^3 Aspers —1 Para; 40 Paras —1 Piaster, 

varying, .05 

Venice. — 100 centesimi —1 Lira; 1 Lira— 1 Franc, Fr., .186 

Accounts were once kept in ducats, lire, etc. 12 

Denari —1 Soldo; 20 Soldi —1 Lira Piccola; 6| 

Lire piccole >«1 Ducat current; 8 Lire pic. —1 Ducat 

effective; the Lira piccola is worth, 096^ 

West Indies, British. — Pounds, shillings, pence, etc., as 
in 'England; the value varies in the difOdrent islands, 
and is in all of them below that of England. 

Jewish or Scrtpture, Standard Weights and Measures.f 

Weights of Monet. — 60 Shekels —1 Maneh; 50 Maneb 
—1 Talent; or 113 lbs., 10 oz., 1 dwt., 10 grs., Troy. 

Long Measure. — 4 Digits —1 Palm: 3 Palms =1 Span; 2 
Spans -si Cubit; 4 Cubits «»1 Fathom; 2 Fathoms —>1 Ara- 
bian Pole; 10 Poles »-l Schoenus, which is the measuring 
line, and is equal to 144 feet, 11 inches. 

Itineeart Measure. — 400 Cubits— 1 Stadium; 5 Stadia 
-«1 Sabbath-day's Journey; 10 Stadia —1 Eastern Mile; 3 
Eastern Miles —I Parasang; 8 Parasangs ^^-l Day's Journey, 
or 331 English Miles. 

Dry Measure. — ^20 Grachal "-1. Cab; 1 i. Cabs— 1 Gomor; 

dj^Gomor— 1 Seah; 3.Seahs— 1 Ephah; 5Ephahs— 1 Le- 
teeh; 2 Leteeh -«=1 Comer, or 2 Bushels, 1 pint, English. 

liiQDiD Measure. — 1^ Caph — =1 Log: 4 Logs —1 Cab; 
3 Cabs —1 Hin; 2 Hins —1 Seah; 3 Seahs —1 Bath or 

* Although rial of old plate is not a coin, yet it is the deaomination in 
which exchanges and invoices are reckoned. 
\See KM]f*8 Dmvereal Cemirist. 
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Ephah; 10 Epliaks«*l Ghomer, Homer, or Conn, whick 
eqnala 75 gallonii, 5 pints, English Measure. 

1 Talents— 113 lbs., 10 oz., 1 

dwt., 10 grs; or 655714 grs. 

1 Maneh —13114.28 grs.; or, 

27.3214 oz.; or, 

2.27678 lbs. T. 

1 Shekel — 218.57133 grs. 



Schanms -i-145 ft 11 in.; or, 

" —1751. inches. 
Pole — 175.1 « 
Fathom — 87.55 «, or, 
7ft3>^iBcheB. 
Cubit — 21.8875iBeket. 
Span — 10.9437 
Palm — 3.6477 
Digit — .9119 



« 

«< 



u 



1 Eas. Mile— 2432.2634 yards. 
1 Stadium — 243.2263 
1 Sab. D. J.P--1216.1315 



« 



(( 



1 Comer —2 bu. 1 pt., Eng.; 
or 16.125 galls.; or 129. pts. 
1 Leteeh —64.5 pints. 
1 Ephah —12.9 *' 

1 Seah — 4.3 
1 Gomor — * 1.29 
ICab — .7166 
1 Grachal — .0358 

1 Chomer ■^15 galls** 5 pts., 

English; or 605 pints. 
1 Ephah —60.5 pints. 
1 Seah —21.166 
1 Hin —10.083 
1 Cab — 3.361 
1 Log — .8402 " 
1 Caph — .6301 " 






1 Day's Journey '«-33 1 Eng- 
lish miles; or 58374.321 6 yds. 
1 Parasang —7296.7902 " 

1 TaUfU, silver -i41 589.61; of gold, —$25415.27. 
neh, silver— $31.79; gold, —$508.22. 1 Shdcel, 
gold, —$8.47; all 24 carets fine, allowing no alloy. 

Time Table, far Banking and Equation, giving the number of 
days from any given date in one morSk, to the same date m 
any ether menlh. 



1 Ma^ 
0.529; 



A.D. 

1840. 


• 

d 
It 


• 


i 


• 


• 


■ 

a 
o 


• 


• 

< ! CO 


• 




Jaa. 


365 


31 


59 


90 


120 


151 


181 


^2 243 


273 


304 334 


F«b. 


334 


365 


28 


59 


89 


120 


150 


181 212 


242 


272 303 


Mar. 


306 


337 365 


31 


61 


91 


122 


153 il84 


214 


245 275 


Ap'l. 


275 


306 334 


365 


30 


61 


91 


122 153 


183 


214 244 


May. 


245 


276 304 


335 


365 


31 


61 


92 |123 


153 


184 214 


JvBe. 


214 


245 273 


304 


334 


365 


30 


61 1 92 


122 


153 183 


July. 


184 


215 243 


274 


304 


335 


365 


311 62 


92 


123 153 


Ang. 


153 


184 212 


243 


273 


304 


334 


365 j 31 


61 


92 122 


e«pt. 


122 


153 181 


212 


242 


273 


303 


334 365 


SO 


61' 91 


Oct. 


92 


123 151 


182 


212 


243 


273 


304 335 


365 


31 61 


Nov. 


61 


92 120 


151 


181 


212 


242 


273 :304 


334 


365 30 


Deo. 


31 


62' 90 


121 


151 


182 


212 


243 274 


304 


335 365 
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Th« nnmber of dari ezpiriog belw««]i any two periods may be very 
easily ascertained in the foregoing table, by ascertaining the time between 
the first and second dates, and adding or sobtracting the overplos, or 
deficit, minos 1. For example: 

How long does a note ran, dated Janaary 4, and payable December 141 

In the table above, from Jan. 4, to Dee. 4, is 334 days; and 9 days more, 
added, exolnding the latter date, make 343 days, the time that the note 
rans. 

How long does a note ran from December 4> to Jaanary 4? 

Ta the leil'band colnmn we find December, and opposite it, nnder tbe 
head Jam., we find 31 davs, the time. The month of the first date moat be 
seo^t in the eolnmn at the left. 

Far U^^jfaoTf ons muat >e added to tJu number ^f drngM^ vAm ik» monAh 
ef Fhbruarp camn within the two deiee. 



TABLB 



Of Diameters and Areas of Circles, 



Dia. Area. Dia. Area. 



lin. 

IX 
2 

2X 
8 

8X 
3X 
3X 
4 

^% 

4X 
6 

\ 
6 

6X 

6X 

^% 
7 

7X 

7X 

7X 
8 

8K 
8K 
8X 
9 

»X 

»x 

MA 



.7864 
1.2271 
1.7671 
2.40ffi 
8.141t 
8.976( 
4.9087 

Ism 

IMSk 
8J8957 
9.621] 
11.044 
12.666 
14.188 
15.904 
17.720 
19.686 
21.647 
23.768 
25.967 
28.274 
80.679 
38.183 
86.784 
88.484 
41J382 
44.178 
47.173 
60ja66 
68.456 
66.746 
60.132 
63.617 
67.200 
70.882 
74.662 
78.540 



;ix 



wx 

18V 
14* 

W^ 

16K 

16X 

J6X 
17 

\1% 

^7>i 

I7g 

18 

18)i 

18 

18 

19 

19)^ 



82.616 
86.690 
90.762 
96.036 
99.402 
108.869 
108.434 
113.097 
117.859 
122.718 
127.676 
132.732 
137.886 
143.139 
148.489 
163.988 
169.486 
166.130 
170.873 
176.715 
182.654 
188.692 
194.828 
201.062 
207.894 
218.826 
220.368 
226.980 
283.705 
240.628 
247.460 
264.469 
261.687 
268.803 
276.117 
283.629 
291.039 



Dia. Area. Dia. i Area. Dia. Area. 



WX 
19X 
90 

90X 

20X 
21 



22 

82X 
22 



23 
©X 

33X 
24 

MX 
24K 

84K 
25 

^% 
^^ 
^^ 

aex 

28X 
»6X 
27 
27)^ 

£>^ 

a7x 

28 



28X 



298.648 


«x 


649.188 


38 


1134.11 


806.366 


29 


660.531 


»x 


1149.08 


314.160 


29X 


671.908 


t^ 


1164.16 


322.063 


29>^ 


683.494 


1179.82 


830.064 


a9X 


696.128 


89 


1194.69 


338.163 


80 


706.860 


S9X 


1209.95 


346.861 


80X 


718.690 


s^ 


1226.42 


854.667 


80K 


780.618 


1240.98 


363.051 


8ok 


744.644 


40 


1256.64 


371.643 


81 


764.708 


«X 


1272.88 


teO.133 


SIX 


766.998 


t^ 


1288.26 


388.822 


81X 


779.313 


190120 


397.606 


81X 


791.788 


41 


1320.96 


406.493 


82 


804.849 


41X 


1336.40 


415.476 


82X 


816.866 


Sl^ 


1882.66 


424.567 


^^ 


829.578 


1969.00 


433.731 


82X 


842.390 


42 


t'ffi5.44 


448.004 


83 


865.30 


42K 


1401.98 


452.390 


2^ 


868.30 


t& 


1418.62 


461.864 


P 


881.41 


1486.86 


471.436 


894.61 


43 


1462.90 


481.106 


34 


907.92 


43X 


1469.13 


490.875 


84)^ 


921.82 


44 


1486.17 


800 741 


^^ 


934 82 


1503.30 


510.706 


948.41 


1620.63 


520.769 


36 
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